A methodology for systematic diagnosis of accidents in urban areas in Portugal. by Duarte da Silva e Costa, S.A.
REFERENCE ONLY
UNIVERSITY OF LONDON THESIS
Degree Y e a r ^ L o o  ^  Name of Author 0 ^
E
d a
COPYRIGHT
This is a thesis  accepted  for a Higher Degree of the University of London. It is an 
unpublished typescript and the copyright is held by the author. All persons  consulting 
the thesis must read and abide by the Copyright Declaration below.
I recognise that the copyright of the above-described thesis rests with the  author and 
that no quotation from it or information derived from it may be published without the 
prior written consent of the author.
T h eses  may not be lent to individuals, but the University Library may lend a copy to 
approved libraries within the United Kingdom, for consultation solely on the  premises 
of those libraries. Application should be m ade to: The T h eses  Section, University of 
London Library, S ena te  House, Malet Street, London WC1E 7HU.
REPRODUCTION
University of London th e se s  may not be reproduced without explicit written 
permission from the University of London Library. Enquiries should be ad d ressed  to 
the T h eses  Section of the Library. Regulations concerning reproduction vary 
according to the date  of accep tance  of the thesis and are listed below a s  guidelines.
A. Before 1962. Permission granted only upon the prior written consen t of the 
author. (The University Library will provide a d d re sses  where possible).
B. 1 9 6 2 -  1974. In many c a s e s  the author has  agreed to permit copying upon
completion of a Copyright Declaration.
C. 1975 - 1988. Most th e se s  may be copied upon completion of a Copyright
Declaration.
D. 1989 onwards. Most th e se s  may be copied.
This thesis comes within category D.
This copy has  been deposited in the University of London Library, S ena te
COPYRIGHT DECLARATION
LOAN
This copy has  been deposited in the Library of L J  ^
House, Malet Street, London WC1E 7HU.
C:\Documents and Settings\lproctor.ULL\Local SettingsVTemporary Internet Files\OLK36\Copyright - thesis.doc

A METHODOLOGY FOR SYSTEMATIC DIAGNOSIS OF ACCIDENTS 
IN URBAN AREAS IN PORTUGAL
by
Silvia Alexandra Duarte da Silva e Costa
A thesis submitted to the University o f London 
for the degree o f Doctor o f Philosophy
Centre for Transport Studies 
University College London October 2004
UMI Number: U591944
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
Dissertation Publishing
UMI U591944
Published by ProQuest LLC 2013. Copyright in the Dissertation held by the Author.
Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code.
ProQuest LLC 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346
ABSTRACT
In Portugal there has been significant improvement of the transport infrastructure and 
system operation. The interest in and the importance given to road safety have also been 
increasing over the last few years. However, Portuguese Local Authorities do not have 
statutory responsibility for road safety and do not address the problem systematically. 
Fewer than 10% of the 308 Local Authorities have a transport division or department, 
and o f those that do only a few have experience in the area o f road safety. The few 
resources allocated to this problem might explain the high accident rates, in particular 
compared with other European countries.
This study aims to develop a methodology for Portuguese Local Authorities to use 
which, whilst making good use o f the limited human and financial resources allocated 
to road safety, systematically diagnoses the problem of accidents in urban areas and 
supports the appropriate implementation o f road safety engineering measures.
A methodology is developed against the background o f existing methods and techniques 
o f urban road safety in Britain and other countries, and o f the current Portuguese urban 
road safety situation. Its applicability is examined in a practical way through a case 
study in the Portuguese city o f Almada. The case study included in-depth quantitative 
and qualitative analyses o f different types o f information, identification o f road safety 
problems and objectives for the city, and recognition o f possible relevant road safety 
engineering countermeasures.
It is concluded that the methodology, which was adapted in order to accommodate 
results from the pilot study, has the potential to become a valuable tool for improving 
road safety in Portuguese urban areas and can have direct relevance to both practitioners 
and researchers in the road safety field.
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GLOSSARY
In the light of the difference in concepts used in different countries, the following 
glossary is provided, listing key terms used in this research. An asterisk [*] placed 
before a word indicates that it has its own entry in this glossary.
Urban area is a largely built-up area within 
which the road network offers substantial 
choices of routes for many vehicular 
journeys. In some countries, like Portugal, 
the boundaries of an urban area are marked 
by signposts on roads entering and leaving 
the area.
Road accidents are those which occur or 
originate on a way or street open to public 
traffic, in which at least one moving vehicle 
was involved and which result in personal 
injury (*injury road accidents) and/or 
material damage (*damage road accidents). 
These accidents, therefore, include 
collisions between vehicles, between 
vehicles and pedestrians, and between 
vehicles and animals or fixed obstacles. 
Multi-vehicle collisions are counted as only 
one accident provided that the successive 
collisions happen at very short intervals.
Single-vehicle road accidents are those 
which involve one vehicle alone.
Injury road accidents are road accidents 
in which one or more persons are * killed or 
* injured.
Damage road accidents are road accidents 
resulting in material damage only.
Killed (in Portugal) is any person who dies 
at the scene of the accident or during or 
immediately after transport from the scene 
of the accident (Chapter 3). (As opposed to 
the definition used in international road 
accident databases, where killed is any 
person who was killed or who dies within 
30 days as a result of the accident).
Injured is any person, who was not killed, 
but sustained one or more * serious or 
* slight injuries as a result of the accident.
Serious injuries (in Portugal) are the ones 
which entail detention in hospital for more 
than 24 hours. (As opposed to the definition 
used in international road accidents 
databases, where serious injuries, are: 
fractures, concussion, internal lesions, 
crushing, severe cuts and laceration, severe 
general shock requiring medical treatment 
and any serious lesions entailing detention 
in hospital.)
Slight injuries (in Portugal) are the ones 
which are not considered serious or fatal 
injuries (Chapter 3). (As opposed to the 
definition used in international road 
accidents databases, where slight injuries 
are secondary injuries such as sprains or 
bruises).
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LIST OF ABBREVIATIONS
The following is the list o f abbreviations used for organisations in Portugal, Britain and 
other countries relevant to this thesis. The world wide web (www) address of most of 
them is also indicated.
PORTUGAL
ANMP Associa9So Nacional de Municipios Portugueses {http://www.anmp.pt/)
APS Associa9§o Portuguesa de Seguradores {http://www.apseguradores.pt/)
APSI Associa9^o para a Promc>9 §o da Seguran9a Infantil (http://www.apsi.org.pt/ )
APVP AssociagSo de Projectistas de Vias e Pontes
CISED Cooperativa de Investiga95o, Serv^os e Estudos para o Desenvolvimento
{http://www. cised.pt/)
CDSR Comissao Distrital de Seguran9a Rodoviaria
CMA Camara Municipal de Almada {http://cma.holos.pt/website/)
CNSR Conselho Nacional de Seguran9a Rodoviaria
CRP Centro Rodoviario Portugues {http://www.crp.pt)
DECIST Departamento de Engenharia Civil do Instituto Superior Tecnico
{http://www. civil, ist. utl.pt/)
DGAL Direc9£o Geral das Autarquias Locais {http://www.dgaa.pt/)
DGS Direc93o Geral de Saude {http://www.dgsaude.pt/)
DGTT Direc9§o Geral de Transportes Terrestres {http://www. dgtt.p/t)
DGOTDU Direc9&o Geral do Ordenamento do Territorio e Desenvolvimento Urbano
{http://www. dgotdu.pt/)
DGV Direc9§io Geral de Via9&o {http://www.dgv.pt/dgv/index.asp)
FCTUC Faculdade de Ciencia e Tecnologia da Universidade de Coimbra
{http://www.fct. uc.pt/)
FEUP Faculdade de Engenharia da Universidade do Porto {http:/www.fe.up.pt/)
IEP Instituto das Estradas de Portugal {http://www.iestradas.pt/)
ISP Instituto de Seguros de Portugal {http://ww.isp.pt/)
INE Instituto Nacional de Estatistica {http://www.ine.pt/)
INEM Instituto Nacional de Emergencia Medica
LNEC Laboratorio Nacional de Engenharia Civil {http://www.lnec.pt/)
MAI Ministerio da Administra9§o Intema {http://www.mai.gov.pt/)
OSRP Observatdrio de Seguran9 a Rodoviaria em Portugal
{http://www. dgv.pt/direjgeral/organograma. asp/)
PRP Preven95o Rodoviaria Portuguesa
PSP Policia de Seguran9a Publica {http://www.psp.pt/)
SNB Servi9 o Nacional de Bombeiros {http://www.snb.pt/)
SNPC Servi9 0  Nacional de Protec95o Civil {http://www.snpc.pt/)
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IHT
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NSC
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NRA
NTUA
PACTS
PIARC
PRI
PTRC
RoSPA
SETRA
SWOV
TRB
TRL
TUG
UTSG
VTI
WorldBank
YME
Asociacion Espanola de la Carretera 0http://www.aecarretera.es/)
Australian Road Research Board {http:/Avww.arrb.org.au/)
Aristotle University of Thessaloniki {http://www.auth.gr/)
German Federal Highway Research Institute {http://www.bast.de/)
French Centre d'Etudes sur les Reseaux les Transports lTJrbanisme et les 
Constructions Publiques (http://www.certu.fr/)
French Centres d'Etudes Technique de 1' Equipement 
{http: //www. equipement.gouv.fr/)
Dutch Center of Research and Contract Standardization in Civil Engineering 
{http: //www. crow, nl/)
Spanish Direction General de Trafico (http://www.dgt.es/iindex.html)
British Department for Transport {http://www.local-transport.dft.gov.uk/) 
European Conference of Ministry of Transport {http://wwwI.oecd.org/cem/) 
European Local Transport Information Service {http://www.eltis.com/)
European Union Road Federation {http://www.erf.be/)
European Transport Safety Council {http://www.etsc.be/)
Foundation for the Automobile and Society (http://www.fiafoundation.com/) 
Polish Foundation for Independent Road Safety Research 
{http: //www.gambit, org.pl)
British Institution of Highway and Transportation {http://www.iht.org/)
Spanish Instituto Nacional de Estatistica {http://www.ine.es/)
French National Institute for Transport and Safety Research 
{http://www. inrets.fr/)
Spanish Instituto Universitario de Trafico y Seguridad Vial {webintras.uv.es/) 
Italian National Institute for Statistics {http://www.istat.it/)
Organisation for Economic Co-operation and Development 
{http://www. oecd. org/)
British Local Authority Association (http://www.laca.co.uk/)
Spanish Miniterio del Interior {http://www.mir.es/trafico/traf.htm)
American National Safety Council {http://www.nsc.org/)
National Statistical Service of Greece {http://www.statistics.gr/)
Irish National Roads Authority {http://www.nra.ie/)
National Technical University of Athens {http://www.ntua.gr)
Parliamentary Advisory Council for Transport Safety {http://www.pacts.org.uk/) 
Permanent International Association of Road Congress 
{http://www. aipcr. lcpc.fr/)
International Road Safety {http://www.lapri.org/)
British Planning and Transport Research and Computation
British Royal Society for the Prevention of Accidents {http://www.rospa.com/)
French Service d'Etudes Techniques des Routes et Autoroutes
{http://www.setra.fr/)
Dutch Institute for Road Safety Research {http://www.swov.nl/)
American Transportation Research Board {http://www.nas.edu/trb/)
British Transport Research Laboratory {http://www.trl.co.uk/)
Polish Technical University of Gdansk {http://www.pg.gda.pl/wil/)
British Universities’ Transport Study Group 
{http://www.jiscmail. ac. ukAists/utsg. html)
Swedish National Road and Transport Research Institute 
{http://www. vti.se/edefault.asp)
The World Bank Group {http://www.worldbank.org/transport/roads/safety.htm) 
Hellenic Greek Ministry of Transport and Communications {http://www.yme.gr)
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" ... since Man is by nature “political”, accustomed to 
congregate and to debate, he belongs to the city” 
(Aristotle, The politics)
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Introduction
1 INTRODUCTION
This chapter introduces, in Section 1.1, the motivation for the research project, and in 
Section 1.2 its aims and objectives are listed. This is followed, in Section 1.3, by a brief 
outline of the research strategy and the basic structure of the thesis in Section 1.4.
1.1 CONTEXT
Urban motor traffic is a phenomenon of the last century, in contrast to the ancient 
history o f the city. The remarkable social and economic dynamism allowed by motor 
vehicles led city road networks to be planned and built to suit them. Whilst congestion 
and dirt have been associated with (non-motor) traffic in urban areas since at least the 
Roman Empire; urban road accidents only became a major problem with the emergence 
o f the automobile as the dominant mode of transport in the city. Injury and death, 
economic loss, disruption, perception o f risk and restriction of movement for vulnerable 
road users associated with road accidents, were further reasons to develop a feeling o f 
discontentment in relation to motor vehicles in cities. In order to create safer and more 
pleasant environments, over the past five decades, governments in some countries have 
been trying to improve the relationship between two potentially wonderful entities: the 
city, with its energy and creativity, and the motor vehicle, which allows levels of 
independent mobility and accessibility never experienced before.
Indeed, to reduce the number and severity o f road accidents in urban areas, Local 
Authorities need to diagnose their road safety problems and set safety objectives, which 
create equity between road users and are attuned with other urban policies. It is only 
through an understanding o f the nature of the urban road safety problems, whose roots 
go deep into the complex and dynamic nature o f the city, that real improvements can be 
expected. To help and encourage Local Authorities to take their road safety 
responsibilities towards urban road safety effectively and to implement highway 
improvements and traffic management schemes, they need to be provided with the 
correct tools.
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In Portugal there has been significant improvement of the transport infrastructures and 
system operation. The interest in and the importance given to road safety have also been 
increasing over the last few years. However, Portuguese Local Authorities do not have 
statutory responsibility for road safety and do not address the problem systematically. 
Fewer than 10% of the 308 Local Authorities have a transport division or department, 
and o f those that do only a few have experience in the area of road safety. The fact that 
few resources are allocated to this problem might well contribute to the high accident 
rates, in particular compared with other European countries.
In an increasingly competitive world, where the economy of a country relies on the 
economic performance of its cities and this, in turn on the safety and quality of the 
environment provided, it is considered a priority to improve road safety in Portuguese 
urban areas.
1.2 AIMS AND OBJECTIVES OF THE RESEARCH
The high urban road accident rates in Portugal, and the need of deeper studies to show 
the relationships between different types o f traffic accidents and explanatory factors 
such as population, traffic activity, land-use and urban facilities provide the starting 
point for this thesis.
The main aim of this study is to contribute to the improvement o f road safety in urban 
areas in Portugal, by providing Local Authorities with tools which may support the 
decisions regarding corrective measures in the road environment and reduce the number 
and severity o f accidents. It follows that the main objective o f this research is to develop 
a methodology for Local Authorities to use which, whilst making good use o f the 
limited human and financial resources allocated to road safety, systematically diagnoses 
the problem of accidents in urban areas and supports the appropriate implementation of 
road safety engineering measures.
In order to undertake this research the following objectives are identified and pursued:
• reviewing the existing methods and techniques o f urban road safety in 
Britain and other countries;
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• reviewing the current context of urban road safety in Portugal;
•  developing a methodology for systematic diagnosis for urban road 
accidents which consists of a critical and selective adaptation o f methods 
from elsewhere to the Portuguese situation and which can help Local 
Authorities to improve their road safety performance, whilst preserving or 
enhancing the urban environment;
• testing the applicability of the methodology in practice through a case- 
study in a Portuguese city;
•  synthesising lessons learned from the case study in Portugal and refining 
the initial proposed methodology; and
• presenting the enhanced methodology which accommodates the results of 
the analysis o f the case study.
The product o f this research will be designed to be applicable to any Portuguese urban 
area that is motivated to improve road safety.
In summary, this thesis has emerged from the interest o f improving the urban road 
safety situation in Portugal by establishing local level organisations with sufficient 
technical support to co-ordinate the implementation of road safety engineering 
measures. It is considered important to develop a systematic approach to accident 
analysis and investigation that makes best use of resources allocated to road safety. Two 
further interests came into play: first, the academic, by contributing to enhancing 
existing knowledge about urban road safety in Portugal; and second, the decision­
making (policy making) process, by creating an understanding of the scope for 
development of urban safety schemes which will in turn generate better opportunities 
for funding.
1.3 METHODOLOGY OF THE RESEARCH
The aim o f this project is to develop a realistic tool capable o f adequately diagnosing 
road and traffic accidents in urban areas in current Portuguese conditions. In order to 
achieve this, a four-phased comprehensive approach was followed.
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Firstly, an initial methodology was developed against the background of existing 
methods and techniques of urban road safety in Britain and other countries and of the 
current Portuguese urban road safety situation. Although information was gathered from 
the literature of several countries, there was an emphasis on British sources, given the 
greater access to information collected in and relating to that country. Successful 
potential solutions already developed, implemented and monitored in Britain and other 
countries were identified and documented. As well as sources subject to peer review or 
similar quality control, this thesis examines and references some relevant sources which 
were not always subjected to academic peer review, such as “hand search” conference 
proceedings, Local Authorities and consultant reports and web sites of road safety 
organisations. This is done for two main reasons. First, it was found that they could 
provide valuable examples and incentives for Local Authorities and practitioners who 
are expected to be important recipients of the main product o f this project (Section 1.2); 
and secondly, to have a more comprehensive picture since “[...] in road safety [...] a 
large proportion of the available research is published in the grey literature” (Bunn et. 
al., 2003, p. 203). Subsequently, a new perspective arose from analysis of the 
Portuguese conditions and available information.
Secondly, the applicability of the methodology developed was examined in a practical 
way through a case study in a Portuguese city, which was planned and developed 
entirely independently from any other local initiative.
In order to follow the timetable for this research project the foregoing phases, although 
requiring work and face-to-face interaction in England (where the theoretical part o f the 
work was being developed) and Portugal (where the case study was being carried out), 
were developed simultaneously. One underlying principle in the case study selection 
was to choose a city that would allow this. The fact that the work on these fronts was 
conducted at the same time was influential in the final outcome o f the research but it is 
not reflected in the sequential structure o f the thesis (Section 1.4).
Selection o f the city was determined by three criteria. The first criterion was based on 
urban characteristics. The existence o f different urban layouts, such as historical and 
modem built-up areas increased the chances o f studying different situations. Secondly, 
willingness to co-operate by the local organisations, in particular the Local Authority,
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was considered. The success of the project was largely dependent on the understanding, 
involvement and contribution of the local structures. Since frequent trips between two 
countries were required, practical reasons led to the third criterion o f the selection 
having a geographic location basis. The city should be located not far from an 
international airport. Taking these concerns into consideration, it was decided to study 
the city of Almada.
The process of developing the first urban road safety strategy in Portugal started with 
establishing contacts and introducing the concept of a city-wide safety strategy to local 
organisations in the city together with other regional and national institutions. It 
depended greatly on a network o f committed individuals which actually evolved into a 
strong and flexible relationship. The main methods of data collection were: site visits; 
surveys of local conditions and traffic; and documents provided by the Local Authority, 
the city police, and regional and national organisations. Together with the specific data, 
much useful information was obtained from several meetings especially organised and 
as a result o f personal contacts formed with staff o f organisations at different levels 
(local, regional and national).
Thirdly, in-depth quantitative and qualitative analyses of different types o f information 
were carried out, road safety problems to be overcome were identified and safety 
objectives set. Analysis and road safety problems and objectives were here described, as 
much as possible, in plain English language, because “for greater understanding 
between the different parties [researchers, practitioners and policy makers], it must be 
recognised that the mystique o f technical jargon (...) does not impress others: it 
diminishes respect. Use of simple language does not demean the complexity, depth and 
value of work.” (Sabey, 1991, p. 116). The diagnosis finished with the recognition of 
possible relevant road safety engineering countermeasures.
Finally, an enhanced methodology, which incorporates the results of the pilot study, was 
designed. This methodology concerns only urban areas, no consideration was given to 
different problems on rural roads and major inter-urban routes, and therefore it will not 
be directly relevant to these. As used here, an urban area should be taken to mean a 
built-up relatively consolidated area in which the primary and predominant land-uses 
are housing, commerce, industry and civic and social services with some recreational
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land-use. The product of the study should be able to be applied in any Portuguese urban 
area.
Although the application of methodology was discussed at different stages with staff of 
the Local Authority and police officials, they had no influence over the preparation, 
content or wording either of this thesis or of the fieldwork contributing to it. Overall, the 
Local Authority has showed interest in the issues and it is already using the published 
results (Costa, 2002 a, b) of the case study in a traffic circulation study that it is carrying 
out in the context of the light rail system that is being built in the city.
1.4 STRUCTURE OF THE THESIS
This thesis is divided into nine chapters that begin with a foreword and are structured in 
sections. Isolated figures and tables are presented in the body of the text where 
appropriate. Maps and additional tables are presented in appendices.
The current chapter has introduced the topic and given an overview o f the study and its 
methodology.
The definition o f the urban road safety engineering field and critical analysis o f methods 
used for diagnosis of urban road accident occurrence in Britain and other countries are 
the topics o f the next chapter. This includes a historical perspective o f the development 
o f urban road safety work and the identification o f future challenges.
Chapter 3 analyses aspects o f the current Portuguese context considered relevant to an 
understanding o f the urban road safety situation. As well as technical factors, 
background issues (that is the road, institutional, enforcement, educational, cultural and 
social environments) are also analysed, insofar as they may affect urban road safety.
The most important objective o f the exercise described in Chapter 3 is to examine the 
applicability o f the methods described in Chapter 2 to Portuguese urban conditions and 
availability o f information. The urban safety management (USM) approach (Institution 
o f Highways and Transportation (IHT), 1990a, and references therein), which includes 
the appropriate treatment of high-risk sites, was adopted as the main platform on which
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the new framework was to be built and is therefore described in Chapter 4. hi addition 
to aspects that are explored in the development of the proposed tool for systematic 
diagnosis of road accident occurrence in Portuguese urban areas, a brief description of 
activities subsequent to the diagnosis is also presented.
An initial methodology developed against the background o f the USM approach 
(Chapter 4) but which arises from the Portuguese conditions (Chapter 3) is described in 
Chapter 5. The description of this methodology, the aim o f which is to help Local 
Authorities to diagnose road safety problems in urban areas and to set safety objectives, 
is structured in the form of four sequential phases and at the end of each there is a 
decision stage.
The case study, based in Almada, the chosen Portuguese city, is reported in Chapter 6. It 
was used to test the applicability o f the methodology in practice, to gain depth of 
understanding of some of its steps, and to modify the initially proposed methodology 
where necessary. The nature o f this study, which aimed to integrate several urban issues 
and be equitable towards different kinds of road user, led to a large volume o f data and 
correspondingly extensive analysis.
Chapter 7 summarises the lessons learned from the application of the methodology 
proposed in Chapter 5 to the Portuguese city described in Chapter 6. The main purpose 
of synthesising the experience accumulated from undertaking the case study is to 
demonstrate the coverage and identify the need for modification o f the initial proposed 
methodology. Moreover, there is also the possibility that by recording successes and 
difficulties experienced during the development o f this study, approaches that have 
proved to be mistaken will be avoided in future studies and, hence, resources might be 
better allocated.
Chapter 8 is intended to move from findings to guidelines. In other words, if  guidelines 
are drawn upon this work, produced and distributed to Portuguese Local Authorities, 
they should have as their core the diagnostic technique outlined in Chapter 8, together 
with commentary, discussion and interpretations o f Chapters 5 and 7.
Chapter 9 summarises the main achievements of the research. It concludes with a 
discussion on possible further research areas for which this study can be used as a basis.
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With the exception of Chapter 8 which should be read together with Chapters 5 and 7, 
the remaining chapters are largely self-contained. The aim of writing the thesis in this 
way is to reinforce, progressively, the ideas and their importance, and to allow different 
professionals (researchers, Local Authority officers and decision-makers) to utilise 
those parts relevant to their needs.
Appendix A .l describes road accident data files. Appendices A.2, A.3, A.5, A.6 and A.8 
present figures that are too large to be inserted conveniently in the body of the thesis. 
Appendix A.4 describes the procedure used to estimate length of various classes of 
roads and Appendix A.7 explains the short period traffic counting technique for turning 
movements used to estimate traffic patterns in the area-wide study.
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2 URBAN ROAD SAFETY BACKGROUND
The main aim of this work is to contribute to the improvement o f road safety within 
urban areas in Portugal and its primary objective is to produce a tool to help the 
systematic diagnosis o f road accidents. This chapter defines the field of urban road 
safety engineering and presents an appraisal o f the methods used in Britain and other 
countries.
The first section brings together urban road safety concepts whose definitions are 
scattered in many publications and are considered important for a full understanding of 
this study. Section 2.2 examines some of the ways in which urban road safety problems 
have been tackled and how they are anticipated to be addressed in the future. Sections
2.3 to 2.5 look at how to deal with urban road accidents from an engineering point of 
view: the methodologies employed to identify road safety measures and data required 
are briefly described. Section 2.6 describes the roles of different organisations 
responsible for urban road safety.
2.1 NATURE OF THE PROBLEM
2.1.1 The road safety situation
Whilst cities have a positive role to play in every nation (economic generators of 
wealth, centres of employment and agents o f social change), the problems generated by 
traffic, including environmental pollution, congestion and accidents, are leading to a 
decrease in the quality o f the urban environment and therefore o f life in urban areas.
Road accidents are a major concern in many countries. They cause a vast amount of 
personal injury and material damage and are predicted to be the third largest cause o f 
death in the world by 2020 (European Commission DG VII, 2000). Road accidents are 
also a cause o f economic loss to society (Lindberg, 1999) and can result in the 
restriction o f movement for vulnerable road users (pedestrians and users o f two-wheeled
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vehicles whether motorised or not) (European Conference of Ministers of Transport 
(ECMT), 2000). In many countries whilst most of the fatalities occur outside urban 
areas, a large percentage of road accident casualties and injury road accidents occur in 
urban areas. Table 2.1 and Table 2.2 show figures of fatalities and injury road accidents 
by road location, respectively, for Portugal and some other European countries.
Table 2.1 Road accident fatalities by road location for the year 2000
Urban Areas Outside Urban Motorways TOTAL
Areas
Portugal 588 32% 1 142 61 % 130 7% 1 860
Spain 713 12% 4 706 81 % 357 6% 5 776
France 1 673 21 % 5 828 72% 578 7% 8 079
United Kingdom 1 275 36% 2 115 59% 190 5% 3 580
Denmark 153 31 % 317 64% 28 6% 498
Source: (International Road Traffic and Accident Database (IRTAD), 2002)
Table 2.2 Injury road accidents by road location for the year 2000
Urban Areas Outside Urban Motorways TOTAL
Areas
Portugal 28 124 64% 14 117 32% 1 918 4% 44 159
Spain 53 888 53% 44 720 44% 3 121 3% 101 729
France 73 173 60% 40 649 34% 7 401 6% 121 223
United Kingdom 167 038 69% 65 711 27% 9 368 4% 242 117
Denmark 4 037 55% 2 978 41 % 331 5% 7 346
Source: (International Road Traffic and Accident Database (IRTAD), 2002)
The number o f fatalities and road accidents involving injury recorded in each country 
(Table 2.1 and Table 2.2) is influenced by a range o f variables, such as road users 
behaviour, condition of the road infrastructure and mix o f vehicles, number of 
kilometres driven, climate and road accident data collection systems. The Organisation 
for Economic Co-operation and Development (OECD) (1997b) has identified six broad 
aspects influencing accidents counts, given in Table 2.3.
Changes in many o f these variables, such as in socio-economic conditions and exposure, 
can contribute to variations in the number o f road accidents and casualties (Page, 2001); 
however, the main focus of this thesis is on road safety programmes. The primary 
reason for this choice is that road accident countermeasures have been identified and 
implemented intentionally for road safety purposes by researchers and practitioners and
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have received policy-makers’ support; whereas it is usually non-safety goals which lead 
to changes in other variables.
Table 2.3 Variables influencing the number o f accidents reported 
Variables Additional information
Autonomous factors Determined outside (national) social system and difficult to 
influence in the short term by a single government.
Examples: weather, the natural environment, the state of 
technology, the oil price, the population size and structure.
Socio-economic conditions Subject to political intervention. Changes are often part of the 
transportation policy rather than aiming for road safety 
improvements (Section 2.2).
Examples: industrial development, (un)employment, disposable 
income, consumption, taxation, inflation, public education.
Transport sector Policies which aim to influence its size and structure have an 
effect on the number of accidents, although not usually intended 
as an element of road safety policy.
These factors are usually associated with amount of exposure 
(Section 2.3)
Examples: transport infrastructure, public transport level-of- 
service and fares, overall travel demand, modal choice, fuel and 
vehicle tax rates, size and structure of vehicle park, driver 
licence penetration rates.
Data collection Alteration in data collection and management routines can lead 
to differences in accident data.
Examples: limitations and problems in the road accident 
recording systems (Sections 2.5 and 7.3.3)
Randomness Random variations tend to be more noticeable in small accident 
counts than for larger samples (Section 2.3)
Road safety programmes Activity designed to decrease the overall number and severity of 
road accidents (Section 2.1.2).
Examples: changes which affect the road system, the vehicles, 
or road users
Adapted from (Organisation for Economic Co-operation and Development (OECD), 1997b))
There has been considerable debate in the literature, as discussed in different parts of 
this chapter (Sections 2.1.3, 2.2.2 and 2.3), about the effectiveness o f these road safety 
programmes. Several researchers have claimed that changes in road users’ behaviour, 
which are unplanned adaptations following a road safety programme, can reduce 
significantly the positive benefits o f the programme. Noland (2003) illustrates the issue 
(p. 599) by stating that a two-lane road expansion to four lanes “could potentially 
reduce risk o f head-on collisions but may also result in many drivers travelling at higher 
speeds, potentially leading to no gains in safety”. In spite o f these findings, 
organisations responsible for road safety at international, national and local levels 
(Section 2.6) support the development of road safety programmes as a means of
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decreasing the number and severity of road accidents. Although road safety programmes 
are being challenged in some of the literature for not being as successful as initially 
anticipated, it is expected that they will increasingly be placed at the heart of transport 
policy.
Therefore, analysis of why researchers, practitioners and politicians strongly support the 
implementation of road safety programmes, including road safety engineering 
programmes, and what they are expected to achieve is discussed in the following 
section.
2.1.2 Road safety (engineering) programmes
It is widely accepted that road accidents (Glossary), as events resulting in material 
damage and/or personal injury and involving one or more vehicles on the public 
highway, are due to a combination o f factors relating to errors o f road users, the road 
and road environment deficiencies and vehicle defects (Road Research Laboratory, 
1963; Sabey and Staughton, 1975; Sabey and Taylor, 1980; RoSPA, 2002).
For analysis purposes, road accidents are considered “random” events in relation to time 
and location (or space) because it is not possible to predict accurately when and where 
the next road accident will occur. However, research and practice have shown that 
situations do arise in which groups o f accident occur more often than expected and at 
particular sites (Section 2.1.4). Locations where accidents cluster are known as 
“hazardous locations” or “high-risk sites”. High-risk sites may refer not only to single 
sites but also to specific lengths o f roads and particular confined areas usually within an 
urban area. Risk is often found to be higher at these locations than the general level of 
risk on the surrounding network. In this case, analysis o f road accident data does 
generally show up noticeable grouping of accidents and statistical tests can be applied to 
show whether that grouping has a significant departure from the general trend, both over 
a period of time and over the road network. Research and practice have also shown that 
a variable proportion o f accidents occur at different sites in different years, with the 
sites dispersed widely over the road network. These scattered accidents are mainly 
found within urban areas and involving vulnerable road users, in particular children. 
Further discussion o f in depth-analysis o f clustered and scattered accidents is provided 
in Sections 2.3, 4.2 and 8.1.
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Research into the road and traffic system with the fundamental aim of finding ways of 
identifying the contributory factors that lead to road accidents, how these are inter­
related, and how they can be modified to produce a better environment and safer road 
use, has been very important (Sections 2.1.3, 2.1.5, and 3.2 and British Ministry of 
Transport, 1966; Treat, 1980; Lund and Williams, 1985; Rumar, 1985; Local Authority 
Association (LAA), 1989; Royal Society for the Prevention of Accidents (RoSPA), 
1996; and Morrison et al.y 2003). Carsten et al (1989), who developed a comprehensive 
study o f the contributory factors in urban road accidents, confirmed earlier findings that 
human factors contribute in 95% o f accidents. In this study, road and environment 
factors contributed to 20%, and vehicle factors about one percent.
Urban road safety improvement depends on the capacity to provide an integrated 
approach to the co-ordination o f work in different fields. This is the basis for the well 
known “four Es” of road safety -  Education, Enforcement, Encouragement and 
Engineering (Table 2.3 and Section 2.2).
Hum an factors, i.e. road user behaviour and attitudes, can be influenced by education, 
training, publicity (ETP), by encouragement and enforcement actions, and by 
engineering the roads and their immediate surroundings. Education actions (such as 
topics in the National Curriculum) are largely school-based. Training actions (such as 
cycling, walking, police officer instruction and defensive driving courses) are often 
targeted at specific types of road user or age group. Publicity campaigns (such as 
information on new developments, schemes or laws like the requirement to wear 
seatbelts and the reasons for doing so) generally use media, leaflets and advertising. 
Encouragem ent actions (such as high standard of driving practices and o f vehicles 
condition) are often provided by organisations through their example. Enforcem ent 
actions, by imposing and enforcing traffic laws, are mainly the responsibility o f police 
authorities, although the highway codes are usually set by national governments 
supported by experts (Section 2.6). Finally, it is widely accepted that certain road safety 
engineering measures (such as road narrowing, changes in priority and speed limits) 
through indirect but persistent influence actively modify the behaviour o f road users 
helping to reduce the large percentage o f accidents connected to human factors (Section
2.1.3). The Organisation for Economic Co-operation and Development (OECD, 1976) 
states:
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“  it is estimated that adverse road design plays a contributory
role in the occurrence of up to one-quarter of all road accidents, 
and in a further substantial proportion of accidents human 
behaviour could be influenced by road engineering means. 
Conservative estimates suggest that up to one-fifth of accidents 
could be saved by safety improvements to the existing road 
network ” (p.l)
Road and environment factors, i.e. the roadway and physical conditions, such as 
layout, signing, visibility and surface adhesion, can be improved by road safety 
engineering. Road safety engineering is the physical construction or alteration of road 
environments, with the aim of creating a road environment that is safer for all road 
users, protecting both occupants o f vehicles and the more vulnerable users, such as 
pedestrians, motorcyclists and cyclists.
Vehicle engineering aims to reduce the vehicle factors by making and maintaining 
them safer. Vehicles are gradually being made easier to control and are being made 
safer with the development of structural safety improvements (such as side impact 
systems) and reactive safety systems (air bags and radar) reducing the severity of the 
impact o f the collisions when accidents happen.
Road safety engineering, unlike vehicle engineering and direct influence on human 
behaviour through education, enforcement and encouragement, allows the 
implementation of measures, including low cost ones, and with relatively simple short­
term appraisal. That is why it is very important to consider road safety engineering if 
road safety, including urban road safety, is to be improved (Navin et al., 2000).
Within the British context, Local Authorities have been producing, adopting and 
annually revising Road Safety Plans, which allow road safety strategies (including 
actions in education, training, publicity, encouragement, enforcement and legislation 
and engineering) to be defined. These Plans also identify priority areas for action (for 
example, to enhance the accident database and analytical techniques, to treat particular 
types of accident, and to increase efforts to encourage the use o f helmets and seat belts) 
and support progress assessment.
Traffic engineering, a branch of road engineering, has become increasingly important as 
it enables both the best use o f existing streets and schemes for construction and
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improvement of roads to be more accurately designed for traffic (British Ministry of 
Transport, 1965). Besides improving road safety, traffic engineering measures may be 
employed to protect the environment, reduce delays at road junctions and provide 
facilities for pedestrians, cyclists and people with reduced mobility. Traffic engineering 
measures together with traffic regulation form the techniques of traffic management, 
targeting the improvement of access and mobility, road safety and environment 
(Institution of Highways and Transportation and British Department of Transport, 
1987).
As acknowledged by The Institution of Highways and Transportation (IHT) in its 
Guidelines for Accident Reduction and Prevention (1990b), the overall aim to improve 
road safety on all types of road, by road engineering and traffic management, has two 
approaches: road safety audits and road accident reduction engineering programmes.
Road safety audit, which should be undertaken as part of the highway design process as
a means o f accident prevention:
“is a formal procedure for assessing accident potential and 
safety performance in the provision o f new road schemes, and 
schemes for the improvement and maintenance of existing 
roads” (IHT, 1996b, p. 8)
Its main aim is to ensure that all highway schemes operate as safely as possible after 
being opened to traffic by being considered systematically at relevant stages in their 
development by a multi-disciplinary team with expertise in safety engineering and 
accident investigation, which is independent of the design team. Extensive literature 
describes its international development, practice and procedures (IHT, 1990b; European 
Transport Safety Council (ETSC), 1997; Bulpitt, 1998; Herrstedt, 1999; TMS 
Consultancy, 2001).
However, whilst road safety audits should be undertaken in all new road engineering 
schemes in order to prevent future accidents, road accident reduction engineering 
programmes should be developed to decrease the number and severity of accidents and 
casualties on existing roads. The basis o f these road accident reduction engineering 
programmes is the identification from accident data analysis of problems on existing 
roads (Section 2.3), and the selection, design and implementation o f cost effective road 
safety measures, which are then monitored and evaluated (Section 2.1.4). The
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implementation of measures depends on technical considerations as well as institutional, 
economical, cultural, legal and social issues (Sections 2.1.5).
An alternative way of classifying road safety measures is according to their intention 
and the way in which they are applied. Primary safety measures are those which aim to 
reduce the chance of accidents occurring. Secondary safety measures intend to prevent 
or reduce the severity of any injury to persons involved in an accident. Tertiary safety 
measures, which complement the primary and secondary ones, aim to achieve further 
reductions in the consequences o f any injuries in road accidents (for example, prompt 
and better health care), reducing the longer term effects o f accidents (Heydecker, 1996).
In summary, road safety research carries out investigations of the occurrence of 
accidents, their consequences, safety measures, and their economic aspects. It is, 
therefore, truly interdisciplinary with contributions drawn from engineering, urban 
planning, psychology, economics, sociology, medicine, public health, mathematics and 
physics. Indeed, road safety research is not just o f academic interest but should be of 
practical use in: a) creating safer roads, including those in urban areas; b) producing 
vehicles which protect road users; and c) increasing levels o f road users* awareness 
through education, encouragement, enforcement, publicity, and engineering. This 
section has illustrated that a number of these approaches can be taken if  urban road 
safety is to be improved. However, great emphasis is placed on urban road safety 
engineering accident reduction programmes, because they can make a large contribution 
to reducing accidents and casualties relatively quickly through the implementation of 
low-cost road safety measures.
2.1.3 Human factors in road safety engineering programmes
Undoubtedly human factors, which contribute to deterioration of the performance of 
road users, are the most common contributory factor in road accidents (Section 2.1.2). 
Road user performance depends on: 1) biological characteristics and changes (such as 
visual field defects and age); 2) learning effects (such as experience and improper 
feedback); 3) driving tasks-generated factors (such as fatigue and drowsiness, emotion, 
stress, distraction, sensory adaptation to speed, and underestimation of speed); and 4) 
non-driving tasks-generated factors (such as emotion, stress, effects o f drugs, social 
identity, aggressiveness, individual values, overestimation o f one’s own skill, culture,
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time o f the day, sleep deprivation, large meals, and temperature) (Shinar, 1978; Rumar,
1985; Evans, 1991; Fuller, 2002a). This view is supported by Sabey (1999), who states:
“ ...consistently over the years, the most prevalent factors [in 
accidents] have been human failures associated with speed, 
perceptual difficulties and drink driving” (p. 11).
It is beyond the scope of this project to study the psychology of the road user, which is
extensively documented in journals like Accident Analysis and Prevention, Ergonomics,
Safety Science, Human Factors, and Transportation Research. However, it is important
to understand some aspects of the interface between the road user and the road
environment, because road users will potentially be the main beneficiaries from the
existence o f the methodology for systematic diagnosis of urban road accidents that this
work aims to develop. As Fuller (2002b) puts it:
“[road safety] engineers need to know the characteristics of their 
ultimate clients, the people for whom they are designing and 
managing the road and transport system, the road users. They 
need to understand their needs and motives and goals; what 
limitations they have in vision and information processing and 
in speed of responding; how they perceive the road and traffic 
environment and how these characteristics vary with age and 
experience and fatigue and stress and emotion. They need to 
know why collisions happen and how they can control their 
behaviour to prevent them happening.” (p. 2)
Whilst some human factors are beyond the influence o f road safety engineering 
measures, others, like some perception difficulties, lead to inappropriate road user 
behaviour and attitudes that can be remedied through correct road positioning and 
manoeuvring, and through route guidance, and regulatory and control information to the 
road user. Carsten (2002) describes a hypothetical situation “ ... of a driver in broad 
daylight at an urban T-junction in which the driver emerging from the minor road fails 
to perceive on approach that there is a junction ahead. He or she drives out at a 
considerable speed and collides with a vehicle on a major road. As a result a serious 
injury occurs. ... Was the crash the fault o f the driver on the minor road who was 
unfamiliar with the location? The driver was neither particularly fatigued nor alcohol- 
impaired. Or was it the fault the highway authority who should have been aware o f the 
potential problems at this location and who should have improved the junction with one 
o f several alternative treatments?” (p. 14-15)
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Road accidents are (fortunately) rare events. It is, therefore, understandable that road 
users are often not aware of the risk they take while travelling (Carthy et al., 1993; and 
Blaeij and Vuuren, 2003). Road safety engineering schemes, together with ETP and 
enforcement and encouragement actions, shape and change the behaviour and attitudes 
of individual road users because they contribute to increasing their level of perceived 
risk (subjective risk). Entry treatments and traffic signs are classic examples of low-cost 
road safety engineering measures which alert road users to potential danger leading to 
more appropriate behaviour. Certain road sites, such as junctions, are inherently more 
dangerous than others, such as simple sections of road. Most road safety engineering 
schemes try to decrease risk o f accidents at specific sites. For example, anti-skid 
surfacing and turning prohibitions are common road safety engineering measures which 
attempt to decrease the risk associated with specific road sites (Svenson, 1978; 
Malaterre, 1990; and Van Elslande et al, 1998).
Although cross-national differences in risk perception have been found in previous 
studies (Hayakawa et al, 2000), in general accidents tend to happen when the risk 
assessed by road users (subjective risk) is lower than the actual risk of the 
circumstances. Road safety engineering schemes can contribute to matching the risk 
perceived by road users with the risk built-in at a road location, by either increasing 
perceived risk or decreasing actual risk or both. Wright and Boyle (1987) believe that it 
is also possible to improve safety by increasing the real risk at a particular site, as long 
as the risk perceived by road users is also greater than before. As they illustrate, “the 
roundabout looks complicated and potentially dangerous, so drivers treat it with respect” 
(p 478). Extensive literature has been dedicated to the concept o f risk from several 
perspectives, including two issues o f the Journal Accident Analysis and Prevention 
(Volumes 14 (5), 1982 and 18 (5), 1986).
In 1949, Smeed recognised that engineering improvements to road environments do not 
always result in the anticipated reductions in road accidents. As he illustrated the 
provision o f better roads enables drivers to speed up creating, in turn, other 
opportunities for road accidents. This behavioural adaptation o f road users to changes 
(for example, in the road environment, in the vehicle, in her/his own skills or states, and 
in the weather conditions) may by counterproductive to safety and is not always 
foreseen by people responsible for road safety programmes (Section 2.6). Behavioural
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adaptation has since been discussed in the literature (OECD, 1990b and references 
therein).
Radically, Wilde (1982, 1994) and Adams (1985) argued that drivers have a fixed target 
o f risk per unit o f time spent which they are prepared to accept, and that drivers alter 
their behaviour in response to changes in accident risk in an attempt to maintain the 
target level, a hypothesis known as risk homeostasis theory (RHT). This hypothesis, if  
proved right, would have serious consequences for road safety programmes, including 
road safety engineering programmes, because changes in road user behaviour would 
absorb completely the potential benefits of the actions. However, the RHT has given 
rise to controversy, as Wilde (1986) indeed anticipated. For example, the Organisation 
for Economic Co-operation and Development (OECD, 1990b) reported no conclusive 
evidence for a homeostatic mechanism keeping traffic levels more or less constant, 
although the key conclusion is that there is reliable evidence o f compensatory responses 
to a wide range of road safety engineering measures. Risk compensation does not 
eliminate the safety gains obtained, but it is responsible for deliberate road safety 
interventions being less effective than anticipated (Section 2.1.1). Some forms o f risk 
compensation contribute to the accident migration phenomenon described in Section 
2.3. In summary, recent studies seem to corroborate Smeed’s (op.cit.) opinion about the 
adaptive behaviour, “there will nearly always be a tendency of this sort, but I see no 
reason why this regressive tendency should always result in the same number o f 
accidents as would have occurred in the absence o f active measures for accident 
reduction. Some measures are likely to cause more accidents and others less, and we 
should choose measures that cause less.”
In parallel with education, training and publicity (ETP) and encouragement, the aim o f
road safety engineering can also be to modify the road environment, including the road
infrastructure, and road marking and signs, to convey a clearer picture of the road user
behaviour needed to avoid induced risk. In a review about the drivers’ mechanisms o f
perception of the road environment, Theeuves (2002) states that:
“ .. .drivers do not necessarily look at objects [such as other road 
users, relevant road safety engineering measures, road crossings, 
and emergency vehicles] that are conspicuous. Those events and 
objects that are considered to be relevant to the driving task and 
which are in line with on-line expectations are more likely to be 
perceived and acted upon. Since perceiving the road 
environment is the result o f this interaction between sensory
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information, task demands and expectations of the road user, it 
is crucial to design a road environment that takes into account 
expectations and task demands of the driver. ...It is not 
individual objects, nor individual environments that will be 
stored in memory but an abstract representations of the world 
which contains a basic set of typical properties.” (p. 138)
In other words, experimental results suggest that encouraging appropriate road user 
behaviour requires a homogeneous and consistent infrastructure design that allows for 
the tasks to be performed by various road users and the limitations of their execution 
(Fleury, 1998). Roads that evoke the correct expectations in road users have been 
known as self-explaining roads (SER). Positive guidance (Alexander and Lunenfeld,
1986) and road readability (Mazet et a l, 1987) are similar concepts: they require few
road categories which are easily recognisable and distinguishable by all road users as 
well as providing an unambiguous understanding of the functionality o f the road space 
(Theeuves and Diks, 1995; and Kaptein et a l , 2002). The reader is invited to consult 
Sections 2.2.7; 2.3; 3.3.3; 4.2.1; 4.2.4; 5.4.3; 5.8; 6.4.3; 6.6.3; and 6.8 of this thesis for 
further description and discussion o f the functional road hierarchy. Each level o f this 
hierarchy indicates what purpose the road is primarily meant to serve for vehicles 
(through-traffic, distribution or access) and other traffic (pedestrians, people with 
reduced mobility, etc). The character of each road should be enhanced to best suit the 
main functions that it has to fulfil.
Intelligent Transport Systems (ITS), based on information provided at the roadside and 
within vehicles, if  introduced correctly, can also support road design and the use o f road 
marking and signs to establish correct road user expectations (European Transport 
Safety Council (ETSC), 1999b).
What is certain is that behaviour and attitudes of road users are not static phenomena 
(Assum, 1997); they are dynamic ones, which road safety programmes, including road 
safety engineering actions, progressively help to shape. Road safety improvements, as 
well as public support for road safety engineering measures, depend on public 
perception o f risk. Experience in many countries shows that these programmes should, 
therefore, be monitored and assessed so that future programmes are more effective 
(Sections 4.4 and 5.10).
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This section has given an overview of the rapid increase in research activity devoted 
over the past two decades to the role played by the characteristics of the road 
infrastructure in road user behaviour and has examined evidence of road user behaviour 
which occur in response to road safety programmes. Behavioural and social 
psychologists, ergonomists and road safety engineers amongst others, have been 
contributing to the understanding of road user behaviour and behavioural adaptation. 
This appreciation will assist in delivering a human-centred design of the road 
infrastructure and environment.
2.1.4 Road accidents at an aggregate level
The focus o f the research described in this thesis is on contributing to the reduction in 
the number and severity o f accidents in Portuguese urban areas by proposing a 
methodology for systematic diagnosis of the urban road safety situation, and which 
supports the implementation of road safety engineering measures. Urban road accidents 
occur for a combination of reasons and to attempt to reduce road accidents all the 
relevant actions need to be incorporated into an effective urban road safety programme. 
However, the complexity and variability of both urban environment and the factors 
influencing the number of traffic accidents recorded (Sections 2.1.1), pose the 
methodological challenge of separating and studying the specific aspects relevant to this 
particular task, while keeping in mind that road safety engineering needs to be 
integrated with other road safety actions, including changes in road user behaviour, and 
the fact that they are all, up to a certain degree, mutually reliant (Sections 2.1.2 and
2.1.3).
Given that accidents are almost always an unintentional result of road user behaviour, 
the individual accident is an unpredictable random event. Yet, at an aggregate level, 
numbers of road accidents occurring in local areas have been found to follow the 
Poisson distribution law (Section 5.6) and a large number o f studies has shown that 
accidents, as an aggregate, are systematically over-represented at certain locations and 
in certain situations. This section reviews relevant studies to help illustrate and 
understand the methods o f analysis developed by engineers and statisticians working 
together, with a view to identifying potential safety engineering countermeasures.
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The distribution of road accidents on the urban road network tends to be 
heterogeneous (Section 2.1.2). Studies in freestanding British towns of various sizes 
concluded that roughly one third o f the total injury accidents occurred in the town 
centre, whilst the rest are more or less equally divided between the main roads 
elsewhere and the residential areas. It was also noticed, that within the town centres, 
accidents are heavily clustered; but elsewhere clusters of accidents are less evident, 
accounting for about one-third of the injury accidents on the main roads, and virtually 
none on the roads in residential areas. Therefore, in the studied British towns more than 
one half o f the road accidents were scattered. Furthermore, the proportion of pedestrian 
and cycle accidents, in particular involving children, was noticeably higher amongst 
scattered accidents than in the clustered ones (Lawson, 1986; and Institution of 
Highways and Transportation (IHT), 1990a). International studies have also shown that 
urban intersection-related accidents account for about 50% of the reported accidents 
(British Department of the Environment, Transport and the Regions, 1999; and Al- 
Gamdi, 2003, and references therein). Urban junctions are frequently made more 
hazardous by parked vehicles reducing visibility both for drivers and for crossing 
pedestrians.
It has been widely accepted that there might be stable and marked tem poral variations 
in number and severity o f accidents in a region (Section 2.3 and Hutchinson and Mayne, 
1977). Apart from the yearly variation o f the number and severity of accidents, studies 
have demonstrated that there are monthly variations too. The monthly variation is well 
established (American National Safety Council, 1965). For example, in Britain in 1987 
“the last quarter o f the year is the worst period for pedestrian casualties. This may, in 
part, be a “reflection of the number o f people involved in pre-Christmas shopping” 
(O'Donoghue, 1987, p. 43). Statistical analysis has also confirmed temporal variation in 
occurrence o f road accidents for shorter periods such as day of the week and hours of 
the day. Comparisons o f daily cyclic distributions for built-up and non built-up roads 
and for different days in the week have contributed to exposing the importance o f a 
further factor in accident occurrence: light and dark  (British Department o f Transport, 
1985). In fact, it is “ ... well known among researchers, that night driving is several 
times more risky than driving during the day...” (Svenson, 1978, p. 268). The effects of 
darkness have been found greater for pedestrians than for vehicle occupants, and to be 
greater for fatalities than for non-fatal casualties (Broughton et al., 1999; Coate and 
Markowitz, 2004; and Keall et al., 2004). As the influence of light level on road
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accidents is particularly important on urban roads, an OECD report (1990b), based on 
extensive literature review, suggests that on these roads " ... night accidents can be 
substantially reduced in number and severity by use of good road lighting” (p.36).
Another important aspect, extensively analysed in the literature, is that urban roads do 
not seem to present similar difficulties for all kinds of road users nor do they offer the 
same safety standards to all traffic participants. With the growing proportion of public 
space in urban areas taken up by traffic and parked cars, other uses of this space come 
under pressure. Therefore, danger on urban roads has increased for pedestrians, cyclists 
and motorcyclists, as well as children and the elderly (Organisation for Economic Co­
operation and Development (OECD), 1979).
Pedestrians, cyclists and motorcyclists are particularly vulnerable when involved in road 
accidents because they have no physical protection to reduce the consequences to them. 
Also, the drivers o f other vehicles do not always make sufficient allowance for them. 
However, as the author conjectures the actions o f motorcyclists influence safety 
outcomes more directly than pedestrians’ and cyclists’ actions. When comparing road 
safety across modes of transport, the choice of exposure measure is very important 
given that speeds and durations o f the individual trips differ between the various modes 
of transport. According to Jensen (1998, p. 10) “walking and cycling are about 7 to 8 
times more dangerous per person kilometre than is travel by private car, whereas travel 
by car is more dangerous per trip than walking”. Although children and the elderly are 
often over represented in reported accidents involving pedestrians (European 
Conference o f Ministers of Transport (ECMT), 2000), there are great differences in 
where within cities the individual age groups of pedestrians are injured. According to 
Hoque and Andreassen (1986, p. 391) “pedestrian accidents to the youngest pedestrians 
predominate on local streets, while adults predominate in accidents on arterials”. 
Although Hoque and Andreassen {op. cit.) found no real clustering of pedestrian 
accidents in their investigation carried out in Melbourne, they believe that “ ... site- 
specific treatments may well be applied to the few sites involving a high frequency of 
pedestrian accidents” (p. 397). Given that accidents in which pedestrians, cyclists and 
motorcyclists are involved are often extremely serious, increasing attention has been 
given to the implementation o f rules and measures, including road safety engineering 
measures, in favour o f pedestrians, cyclists and motorcyclists. However, a fair point is 
drawn by Carthy et al. (1993):
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“Because of the imbalance between vehicle and person, and the 
almost invariably worse consequences of an accident for the 
pedestrian, it is tempting to lay more blame on the driver than 
may be justified.... pedestrians (and motorcyclists) are 
unwilling to accept that often their intentions are difficult to 
predict by the driver”(p. 84)
Thus, not only the road infrastructure should be improved to create a safer environment 
for pedestrians, cyclists and motorcyclists, but also ETP and enforcement actions are 
recommended to be directed to all road users and vehicle engineering (Section 2.1.2).
Age differences in accident involvement patterns have been widely recorded in 
literature. Van der Molen (2002) addresses this issue (p. 217) stating that “traffic 
accidents form a serious threat to the lives and health of children”. With reference to 
drivers, according to McKnight and McKnight (2003) “the per-mile rate of 16-year-old 
novices is approximately 10 times that of adults” (p. 921) and to Jonah (1986) “even 
when one controls for the quantity and quality of exposure to risk, young drivers are still 
at greatest risk of casualty accident involvement”(p.257). Meanwhile, Hakamies- 
Blomqvist (1996) recognises that “due to their increasing fragility with age, older 
drivers are over-represented in accident statistics based on fatal accidents” (p. 93).
One important factor which affects the number o f casualties in a given age group is its 
modal choice, in other words the use they make o f a particular type of vehicle or 
whether they choose to walk. This partly explains why a big proportion of late teens 
injured on the roads are motorcyclists. Other key factors are the level of experience, 
maturity and limitations of the age group. Tackling road safety problems o f different 
road user age groups require education, training, publicity and enforcement directed at 
children, parents, the elderly and drivers, but the improvement of the road environment 
also plays an important role. Detailed information on road safety engineering measures 
recommended for different road user age groups needs and limitations are provided by 
OECD (1998) and ETSC (1999a).
The num ber and type of vehicles involved in accidents also seem to be variables 
affecting their severity. A quote from O ’Donoghue (op. cit), for example, illustrates the 
point of the different consequences o f single and multi-vehicle accidents. The author 
affirms: “the great majority of pedestrians (94 per cent of all casualties and 90 per cent 
o f fatalities) were in accidents involving a single vehicle. However, pedestrians injured
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in multi-vehicle accidents are more likely to be killed or seriously injured -  30 per cent 
of pedestrians injured in single-vehicle accidents were killed or seriously injured in 
comparison to 36 per cent in accidents involving two or more vehicles.” (p. 44).
Previous studies have shown that occupants (drivers and passengers) of cars and taxis 
represent the largest single group o f road casualties. However, the share of casualties 
among car and taxi occupants is largely due to the number of these vehicles on the 
roads. In fact, cars usually have a lower accident rate per mile travelled than almost all 
other vehicles. Generally, the fatal and serious casualty rate for riders of two-wheeled 
vehicles is many times higher than that for car drivers. In Singapore, for example, 
motorcycles are about 19 per cent of all motorised vehicles but account for 40 per cent 
of total fatalities. (Quddus et al., 2002). Previous research has also identified other types 
of vehicle, such as bicycles, mopeds and vans, as presenting particular safety problems 
in various countries.
In most accidents, factors are present relating to the road user, the vehicle and the road 
environment (Section 2.1.2). It is the interaction of these factors that often sets up the 
series o f events which culminate in the road accident. A few specific manoeuvres have 
been identified as being more risky to road users than others. In urban areas, crossing 
the road, in particular when the view is masked by a parked vehicle, seems to present 
more difficulties for pedestrians than walking along the road, stepping off the kerb 
without intention to cross, and playing, standing or working on the road (American 
National Safety Council, 1981). Surveys of urban road accident records have shown that 
changing direction against traffic, i.e. turning right in countries where vehicles are 
driven on the left and turning left on the other countries, is more often the manoeuvre 
being attempted when the road accident occurs than changing lane, overtaking, going 
straight, backing, parking and entering / leaving driveway access (British Department 
for Transport, 2002). For instance, “accidents involving a vehicle turning right (in Great 
Britain) are four times as frequent as those involving one turning left. Turning right is 
especially difficult for pedal cyclists, 17 per cent of whose accidents occur while 
carrying out this manoeuvre” (British Department o f the Environment et al, 1971).
For the purpose of this research programme, the author is taking the working hypothesis 
that the foregoing identified variables, if  systematically investigated in Portuguese 
urban areas, will help to identify the nature of Portuguese urban road accidents to
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determine their characteristics so that countermeasures, in particular low-cost road 
safety engineering measures, can be sought. This does not mean that road user 
behaviour and vehicle condition can be disregarded. To facilitate analysis of road 
accidents at the aggregate level, the foregoing variables were selected from the literature 
(Institution of Highways and Transportation (IHT), 1990b; Irish Department of the 
Environment, 1996; European Commission DG VII, 1998a; and Royal Society for the 
Prevention of Accidents (RoSPA), 2002). The inventory presented does not aim to be 
comprehensive. However, it is assumed that, if  the systematic approach of macroscopic 
analysis of traffic accidents based on the listed factors is taken, it will assist answering 
current practical Portuguese urban road safety issues and might also contribute to 
suggesting lines o f future research (Tables 5.5 and 5.7 and Sections 6.4.3 and 6.6.3).
2.1.5 Typical road safety problems in rapidly motorising societies (such as in 
Portugal)
Effective urban road safety improvement is only expected to be achieved through the 
contribution o f mutually reliant actions, such as the influence road user behaviour, the 
use o f safety features in vehicles and the introduction o f road safety engineering 
measures (Section 2.1.2). The present study is mainly concerned with tackling the 
urgent Portuguese urban road safety problem and its prime assumption is the need to 
develop a technical and scientific tool to be used by Portuguese Local Authorities which 
supports the implementation o f road safety engineering countermeasures because they 
can have an impact on the number and severity of accidents both directly in engineering 
terms and by influencing road user behaviour (Section 2.1.3).
This section aims to analyse the contributing factors to typical road safety problems in 
rapidly motorising societies, comparable to Portugal. Interpreting national differences in 
terms of road accident data, casualties, population, number of vehicles, road-length and 
exposure and then stating the safety problems, although this may help in understanding 
the effectiveness o f each country in dealing with mobility growth, are beyond the scope 
o f this study. Instead, the role o f various parameters that can affect the implementation 
o f effective urban road safety countermeasures, in particular the engineering ones, will 
be assessed by focusing on several aspects, including road environment, institutional, 
technical, enforcement, and cultural and social ones. These parameters will be used to 
illustrate the specific needs and limitations in the relevant countries and to support the
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design of the methodology for systematic diagnosis of urban road safety in Portugal 
(Sections 3.2 to 3.4 and Chapter 5).
For practical reasons it is necessary to limit this review to Spain, Italy, Greece and 
Poland. The current Portuguese situation will be considered in Chapter 3. As it happens, 
the literature records little activity in road safety, in particular in urban road safety, in 
rapidly motorising countries. A quote from Sanmartin (2003), for instance, illustrates 
the point, acknowledging the existence o f papers and studies dealing with urban road 
safety analysis in Spain, but is unable to provide them because:
“First of all, our documents are in Spanish, and most of them
about urban safety (such as data analysis about accidents in
Valencia and Murcia) are confidential.” (Sanmartin, op.cit.)
Despite a lack of information and differences between countries with regard to 
economic growth and levels of motorisation, as well as legal, cultural and social 
dissimilarities, some general tendencies were extracted from the literature available 
(Institute for Road Safety Research (SWOV), 1997a; and European Commission DG 
VII, 1997). A scrutiny over the main organisations dealing with road safety in Spain, 
Italy, Greece and Poland (AEC, AUTh, DGT, GAMBIT, INE, ENTRAS, ISTAT, MIR, 
NSSG, NTUA, TUG, YME) provides useful information and demonstrates the current 
road safety research and practice in these countries. Further key transport statistics and 
data relating to the car on issues such as road safety, the environment and the economy 
in Italy and Spain are presented by Automobile Association (AA) Motoring Trust 
(2003), in Greece by Matsoukis et al (1996), and in Poland by Krystek and Zukowska 
(2001).
Overall, the rapid growth in motorisation has created increasing traffic problems in 
cities and unsuitable urban road environments, but “ .. .the problems of road safety are 
(still) treated marginally and are assigned to individuals who fulfil other administrative 
functions as well” (Polaczone Zespoly Autorskie (PZA), 1996, p. 6). The lack o f “ ...an 
active strategy in which safety is at the heart o f the initiatives . . .” (Busi, 1997, p. 9) has 
led to the absence of countries developing their own experience, disregard for previous 
(national or foreign) past experiences, and incongruous decisions.
This situation is associated with deficient institutional and financial support. Road 
safety responsibility has been dispersed amongst different organisations and “the lack
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of co-ordination among authorities is obvious in urban areas at all levels of road safety 
policy” (Development and Engineering Consultants Ltd. (DENCO) et al., 1997, p. 10), 
which generates “ ...an overwhelming complexity of urban planning rules and 
administrative roles” (Busi, op.cit., p. 9). As a consequence, “ ...city authorities have at 
present a very poor experience on road safety initiatives” (DENCO, op.cit., p. 14) and 
their credibility as promoters of road safety is low.
Although at local level it has not yet been acknowledge as a high priority area which 
requires a long and costly process involving institutional and individual actions, it is 
worth mentioning that interest in road safety, including urban road safety, seems 
gradually to have been increasing in these countries, in particular within their national 
governments and amongst their researchers. Partly this attaching of further importance 
to the subject has been driven by international influence. Krystek (1996), for example, 
explicitly recognises the fact (p. 2) stating that, “we are not having any doubts 
whatsoever, that an improvement of road safety in Poland is one o f the main conditions 
of granting us membership in the European Union . . .” Between 1996 and 1998 Spain, 
Greece and Poland have launched national road safety plans elaborated on the basis of 
their own limited knowledge and on the richly documented foreign experience. They are 
likely to have a positive influence in the policy making process and open new 
opportunities for practical implementations at local level.
Urban road safety technical issues are mainly related to: (1) an insufficient number of 
specialist staff; (2) the existence o f a “ ...traffic engineering culture where the role of 
safety was almost absent, especially for vulnerable road users” (Busi, op.cit., p. 9/10); 
(3) the lack o f comprehensive technical guidance; and (4) the difficulty in access to 
reliable and complete sources o f road accident and exposure data. “Local Authorities 
rarely keep and make use of ... urban accident data” (Busi, op.cit., p. 3) and national 
databases are mainly based on police reports but “the data transferred by the police are 
usually not verified” (PZA, op.cit., p. 34).
The deterioration o f traffic conditions has been associated with the lack of programmes 
to reduce negative consequences o f the rapid increase of motor vehicles and to the fact 
that “most o f the [safety] measures were not followed by a systematic and persistent 
enforcement” (DENCO, op.cit., p. 14). The deficient traffic conditions and enforcement 
together with lack of road safety education has led road users to adopt inappropriate
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road user behaviour. In particular there is a rather aggressive driver behaviour” 
(DENCO, op.cit., p.5) and deficient observance of road traffic rules and regulations, 
such as speed, alcohol limits and seat belt use as well as little respect for the rights of 
other road users. For example, seat belt use in Spanish urban roads is around 50 per cent 
(Cunill et al., 2004) and Valent et a l  (2002, p. 83) believe that in Italy “stricter law 
enforcement ... should be carried out to prevent alcohol-related accidents” . 
Inevitability, public acceptance o f the road safety engineering measures has not been 
good and road users “often doubt about the effects of unknown measures (it happens 
quite often with roundabout and raised crosswalks).” (Busi, op.cit., p. 19).
Institutionally and culturally road safety has not yet been approached in these countries 
as a serious economic and social problem  and road users seem to be relatively unaware 
of the complexity of the motorising problem and the risks resulting from it (Section 
2.1.2). Therefore, there has not yet been enough political effort to reduce the number o f 
accidents and their severity.
The rise in the number of private cars as well as an increase in mobility (such as more 
movement o f goods by road and higher kilometres driven by private motorists) 
associated with economic growth and prosperity in these countries has created an 
unprecedented pressure in existing and new street networks. Remarkably, fleet 
modernisation has not been identified as a priority problem, which suggests that the 
vehicle safety standards are rapidly improving to the northern European countries’ 
level. Nowadays, due to international regulations and joint efforts by vehicle 
manufactures, multi-nationals companies where vehicles are constructed apply higher 
safety standards which have an effect, not only in the northern European countries, but 
also in all European countries where the same vehicles are sold. What can be different 
between countries about vehicle safety standards is how vehicles are maintained and 
how often they have to be inspected. The regulation o f vehicle conditions, or road 
worthiness, is harder to regulate and monitor and are national matters.
This is not an exhaustive list o f urban road safety problems faced by rapidly motorising 
countries but examples are representative o f some of the scope of the contributions that 
might need to be made by the tool developed in the course of this research (Chapters 5 
and 8). Or, in other words, reviewing the situation in the less developed countries has 
emphasised that political, institutional, technical, social and economic difficulties in
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Portugal will need to be considered and possibly improved to greatly reduce the number 
killed and injured even when the objectives of this study have been achieved (Chapter 
3). Most importantly, it stresses the importance of enhancing both the communication 
and co-ordination of effort between academics, practitioners and policy-makers, and the 
status of road safety in the public mind.
The road safety problem differs considerably between the rapidly motorising countries 
and the northern European countries. It has, for example, been recognised that 
“ ...Poland’s current situation is largely similar to the situation of many Western 
European countries from 20-25 years ago ...” (PZA, op.cit., p. 8). The Dumas project 
(European Commission DG VII, 2000) has concluded (p. 12) that these dissimilarities 
“ .. .are, in part due to the different education and mentality of users or of the quality of 
the road network and the systematic effort carried out to improve the above two 
factors”. However, although at different paces, the road safety situation in these 
countries has been improving. The Global Road Safety Partnership (GRSP, 2001) 
asserts (p. 29) that “this progress (in Poland) is greatly due to road infrastructure 
improvements, police enforcement, a rapid modernisation o f the vehicle fleet and a slow 
but growing awareness within the Polish government regarding the importance o f road 
safety”. Actually, it supports the idea that “ ... increasing motorisation both enhances the 
road safety consciousness and skill o f the average road user and also leads to more and 
more road safety measures by governments and other bodies” (British Department of 
the Environment et al.9 1971, p. xxii). The knowledge and experience that northern 
European countries have acquired on how to tackle road traffic accidents and their 
consequences offers the prospect o f valuable and relative easy results. These urban road 
safety philosophies, concepts, approaches and guiding principles are reviewed in the 
next section. Methods and research techniques for diagnosis of urban road accident 
problems are described in Section 2.3.
2.2 EVOLUTION O F EFFORTS FOR URBAN ROAD SAFETY
This section summarises the history o f efforts for road safety, particularly those for 
urban road safety, from their emergence over the last 150 years. The improvement of 
road safety, which is a continuous process, has been a concern to authorities since the 
roads started to be used systematically by motor vehicles, early in the last century. Each
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stage o f the development of urban road safety faces different problems for which 
techniques are established. After a period o f evaluation conclusions are reached. Some 
ideas prove incorrect and are therefore disregarded. Some techniques are improved and 
new ones appear as time passes. It should be possible to learn from all of them. Indeed, 
an overview of the main milestones in the development of urban road safety might help 
a country understand the degree of maturity it has reached with respect to urban road 
safety, assisting it to assess its policies and develop a strategy capable of catching up 
with modem approaches. The discussion of the characteristics of different approaches 
towards urban road safety focuses on different countries in specific periods in which 
these countries have created new approaches and influenced other countries.
Some early examples of road safety measures are found in British history, such as, in 
chronological order: the Highway Act when the first major traffic law passed on to the 
Statute Book in 1835; the “Red Flag” Act, limiting vehicle speed to 4 miles per hour 
and 2 miles per hour in rural and urban areas respectively in 1865 and then repealed in 
1896; the formation of the London “Safety First” Council (later the “London Accident 
Prevention Council”) in 1916; the formation o f the National “Safety First” Association 
in 1923; the publication of the “Safety Code” for road users in 1924; the organisation o f 
the “First Annual National Safety Congress” held at Caxton Hall in 1925; the 
establishment o f the minimum driving age and the third party insurance; the creation of 
an experimental station in 1930 which later evolved into the Transport and Road 
Research Laboratory and Transport Research Laboratory Ltd (TRL).; the formation, in 
1932, o f the Guild o f Experienced Motorists (GEM), whose membership consisted o f 
experienced drivers dedicated to the principle of improving driver behaviour by 
displaying care, courtesy and concentration; the introduction o f the pedestrian crossing 
marked by Belisha Beacons; the introduction o f 30 miles per hour speed limits in urban 
areas and o f the driving tests in 1934; and the introduction o f the “Zebra” pedestrian 
crossing in 1952.
The First International Safety Conference, held in Holland in 1937, was followed in 
Britain in 1939 by the publication o f the report by the “Alness Committee” (House of 
Lords, 1939) formulating the policy o f the “three Es” (engineering, enforcement and 
education) identified as the solution to road accident problems (later evolving into the 
“four Es” policy, with the addition o f “encouragement”). Royal recognition was given
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to the National “Safety First” Association, which became the “Royal Society for the 
Prevention of Accidents” (RoSPA) in 1941.
The improvement of the road infrastructure, the implementation of legislation on road 
traffic and behaviour, and the development of action regarding education, training, 
information and communication are the first measures taken regarding the improvement 
o f road safety in the early years.
Implementation o f the recommendations of the “Alness Committee” was delayed by the 
Second World War, therefore in the 1950s road safety efforts in urban areas were still in 
its infancy. Concurrently with the recovery of the economy from the effects o f the war, 
there was a steady increase in motor traffic in built-up areas, due to the increase of the 
number of private cars, motorcycles, buses, taxis, coaches, and goods vehicles, creating 
congestion, parking difficulties, noise, fumes and accidents, partly as a result of urban 
form and the arrangement of the streets. As a result o f the increase in the number of 
accidents, preventing accidents, especially those involving pedestrians, has been 
regarded as a priority since that time (Road Research Laboratory, 1963). The Study 
Group led by Buchanan under the British Ministry of Transport (1963) developed a 
comprehensive pioneering study of the problem of traffic in towns. It brought together 
two subjects which had usually been treated separately, namely the planning and 
location of buildings and the management o f traffic.
2.2.1 Segregation of traffic
To increase road safety in urban areas, the basic principle adopted extensively in the 
1950s was traffic segregation or traffic differentiation. The aim of this principle, largely 
developed in the Netherlands, Denmark, Sweden, Germany, and Great Britain, was to 
avoid conflicting situations between different road users or different types of use of the 
network. This approach was analogous to Leonard da Vinci’s proposal for separating 
wheeled traffic routes from pedestrian ways, carrying them onto another level 
(Mumford, 1961).
This concept was extended to other issues than just pedestrian / vehicle segregation. It 
was considered that urban road safety required a sharper differentiation between urban 
roads which would perform different functions and this would lead to other forms of
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segregation o f traffic. This segregation, which would significantly reduce traffic 
conflicts, could be, for example, in relation to destination of traffic, types of traffic, 
direction of traffic and parked vehicles.
The principle of traffic segregation was widely implemented in many new urban areas 
which were developed during the 1950s and 1960s. However, some difficulties arose, 
such as high cost, accessibility, personal security, problems of accommodating two­
wheeled traffic, and public transport; it proved not to be best-practice to try to separate 
different kinds of road users completely. Accordingly, methods o f traffic segregation 
that were applied to improve road safety in urban areas after the 1950s and 1960s have 
had to be improved since. For example, to recognise the advantages of space near to 
people’s homes being available for shared use by people on foot and in vehicles, and for 
footways, parking and garaging areas to be in open view from frequently occupied 
buildings and passers’ by.
2.2.2 Treatment of high-risk sites
Although the phenomenon of accidents clustering at particular locations (Section 2.1.2) 
had been recognised before, it was only in the 1960s that leading authorities, such as 
Hertfordshire County Council, started having a systematic approach towards their 
treatment. Sabey (1991) recognised the effectiveness o f the identification, analysis and 
treatment o f road accident high-risk sites stating that “it is no co-incidence that the mid 
1960s saw the start of the decline in road accidents and casualties, despite the 
continuing growth of traffic, as recommendations from researchers were applied in 
practice: for example, ... development o f blackspot identification and treatment, (and) 
improvements to road engineering for safety . . .” (p. 112).
In the 1970s this approach was developed further with the first guidelines being 
published (Institution of Highway Engineers, 1980). Since then a substantial proportion 
o f the resources available for road safety programmes has been directed towards the 
elimination o f high-risk sites then known as “blackspots”. The methods used to identify 
and diagnose high-risk sites (or hazardous road locations) are presented in Section 2.3. 
In many countries, the literature records a large number o f successful remedial road 
safety engineering measures, including geometric design, road surfacing, road markings 
and delineation systems, road signs and furniture, and traffic management implemented
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at these locations. A passage from a well quoted guideline for reducing the overall 
number and severity of accidents by road engineering and traffic management, for 
instance, illustrates the point. The Institution for Highways and Transportation (IHT) 
(1990b) states:
“It is well established that considerable safety benefits may 
accrue from application o f appropriate road engineering or 
traffic management measures at hazardous road locations.
Results from such application at “blackspots” demonstrating 
high returns from relatively low cost measures have been 
reported worldwide” (p.2)
However, numerical estimates o f the effectiveness of high-risk site treatments are 
currently being challenged. The literature records a number of factors (regression to 
mean, accident migration, change in traffic volume and general accident trends) which 
can noticeably decrease the positive effects attributed to these treatments (Section 2.3). 
Monitoring and evaluation of the safety measures implemented should, therefore, be 
important elements of the road safety efforts.
A further challenge related to the consideration of high-risk sites as prime candidates for 
remedial measures regards the choice of the best overall allocation of resources to deal 
with the road accident problem, in particular when the worst sites have been treated 
(Section 2.3). Nevertheless, new high-risk sites continue to appear as a result of, for 
example, increase in traffic volume or changes in other traffic characteristics. So the 
needs for identification o f these locations, as well as the most appropriate road safety 
engineering measures, still remains.
In summary, analysis of road safety has shown that on road networks there are locations 
with especially high concentrations o f road accidents. The causes for accident 
concentration are complex (Section 2.1.2), but in the 1960s traffic engineers realised 
that at these locations frequently recur the same type of accidents, which facilitates the 
selection o f road safety engineering measures and education, training, publicity and 
enforcement actions to tackle those specific problems. High-risk site treatments have 
continued to this day often concurrently with other approaches.
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2.2.3 Traffic restraint or management of demand
In the late 1960s when the rapid growth of car ownership was continuing and indeed 
was forecast for the subsequent years, the phenomenon of traffic congestion on main 
roads throughout urban areas, particularly common at peak times, was identified as one 
of the problems of modem life. It was realised that there was no practical possibility of 
providing enough road space to carry a rapidly growing amount of traffic and, therefore, 
some measures were considered to be needed to cope with the overcrowded roads for 
several reasons, including the high number o f accidents and their severity. In this 
context, the new concept of traffic restraint (or the management of demand) was 
developed.
The aim of restraint policies was simply to discourage the use of private cars in 
circumstances where they impose high social cost on the community, and where 
suitable alternatives were available (British Ministry o f Transport, 1967).
The British Department of the Environment (1976) analysed various methods and 
possibilities o f restraining traffic in urban areas. The study sought to assess not only 
road user benefits and the associated costs and practical problems of implementation, 
but also the wider effects on the environment, on land-use, and on the way benefits and 
losses could be distributed. The basic systems o f restraint studied were parking control, 
supplementary licensing, road pricing, and finally, physical restraint by the deliberate 
reduction o f road capacity.
The concept o f traffic restraint, or management o f the demand, has changed the attitude 
towards the relationship between pedestrians and vehicles. This new concept o f traffic 
restraint involved an acceptance o f various levels of traffic mixing - of motor vehicles 
and road users on foot and bicycles- but under radically different assumptions about 
their relationship than before, where the car is no longer dominant. This approach 
applies to principles of vehicle and pedestrian ‘integration’ in contradiction to the 
familiar traffic ‘segregation*.
While traffic differentiation was still implemented during the 1960s, due to the steady 
increase in the number of motor vehicles and consequently the number of both accidents 
and casualties, the governments o f countries with high levels of car ownership
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developed comprehensive accident prevention and casualty reduction policies, namely 
the introduction of legislation with respect to alcohol, speed, and wearing of seat-belts 
and helmets, albeit with varying degrees of public acceptance, compliance and 
enforcement, and set up administrative structures to improve road safety by all known 
means including road safety engineering.
2.2.4 “Woonerven” concept
In the 1970s, the approach to road safety in urban areas developed further due to new 
city planning concepts, the introduction o f legislation, research and development, 
enforcement measures, and information campaigns. A new concept of integrating traffic 
into residential areas, woonerven (living streets), was developed in the Netherlands and 
rapidly spread to Germany and Denmark. In addition, research was stepped up with the 
aim of getting a better understanding o f accidents and driver behaviour, and improving 
both the road infrastructure and the safety of cars (more reliable and protective 
vehicles). As a result, during the 1970s, a broad range of innovative measures were tried 
to improve the road safety in built-up areas (Royal Dutch Touring Club (ANWB), 1977; 
Dutch Ministry of Transport and Public Works et al., 1982; Janssen, 1991; and Danish 
Road Directorate, 1993).
According to this concept, the local roads in residential areas were made safer for 
walking, cycling, children’s play and other activities, by making car drivers lower their 
speed substantially and by re-directing through traffic.
In this context, engineering measures were applied which tried to reduce personal injury 
accidents, traffic speeds, and through traffic, and greatly improve the environment of 
residents living in an area. These measures, which are still currently applied and will be 
outlined in Section 4.2.4, included ramps, speed humps, chicanes, road narrowing, 
parking bays and pavement patterns. In addition, features like tables and benches were 
introduced in shared areas, where pedestrians had right of way over drivers. These 
measures incorporated in certain areas the correct use o f the city furniture, planting, 
materials and organisation o f parking. The measures applied under this new concept 
aimed not only to improve road safety, especially for pedestrians and cyclist, but also 
the environmental and social aspects o f the streets, making them more enjoyable places.
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However, the woonerven concept showed some limitations. As it was confined to local 
areas, it could not solve problems either at the borders of local areas or where 
vulnerable road users had to cross heavily trafficked roads. Within residential areas, it 
was difficult to make comers with radii suitable for service and emergency vehicles 
such as dustcarts and fire engines, and speed reduction measures together with street 
furniture could be seen by youths as racing obstacles. Woonerf streets also carried some 
through traffic, attempting to avoid the surrounding congested streets, and there was a 
major problem with parking. Although most of the implemented schemes reached their 
objectives, such schemes could only provide solutions for small proportions o f larger 
cities and were very expensive to install.
2.2.5 “Verkehrsberuhigung” concept
By the 1980s, as a result of West German interest in environmental protection, urban 
road safety emerged as a primary concern. At that time, in the Netherlands, the law had 
changed to permit individual streets to be restricted to 30 km/h, stipulating the character 
and condition o f the road together with the speed-reducing provisions installed on it. 
The West Germans followed the Dutch ideas and introduced a new concept called 
Verkehrsberuhigung, which literally means traffic-calming and was the source of the 
English expression. It was a result o f modification and extension of the environmental 
traffic management started by the Dutch with the woonerf-concept, and aimed to 
increase road safety; improve the living environment; stimulate shopping; improve 
conditions for pedestrians, cyclists and users of buses and trams; decrease noise and air 
pollution; improve the appearance o f the streets; and decrease intrusion from traffic 
signs and the comfort and speed of car traffic. These treatments were not only suitable 
for isolated streets but were also of an area-wide nature. At that time, zones restricted to 
30 km/h and the Verkehrsberuhigung measures were solutions viewed as appropriate 
(Krause, 1986; Tolley, 1990).
The Verkehrsberuhigung concept, which can be used both in residential areas and on 
major roads, applied new measures. It was considered that each town should create rest 
and play areas and construct traffic islands which decorated and gave form yet allowed 
a smooth flow of slowed-down traffic. Furthermore, advice was given on making the 
traffic conform to decorative town planning, reducing space dedicated to vehicles in 
favour o f giving additional tracks or spaces for other purposes and giving special
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attention to each junction. The principal objective was to give the impression from 
simply looking at the street that it was not there for cars only but also for pedestrians, 
cyclists and residents. There were many experiments of introducing 30 km/h zones with 
the purpose of increasing road safety. The design elements which were needed to 
implement these ideas and are still currently applied (Section 4.2.4), included pinch 
points, chicanes, speed tables, priority from the right and elimination of unnecessary 
one-way streets. These recommendations allow the creation o f safer, quieter and nicer 
areas; besides being widely applicable. Denmark, Sweden, Great Britain and other 
countries are adopting these approaches but modifying them in the light o f experience 
and their own legal situations.
At the same time, road safety policies in most countries began to develop along four 
other lines. First, central governments, while continuing improvements to their road 
networks and continuing to implement legislation on road traffic and road user 
behaviour, developed actions regarding education, training, information and 
communication, enforcement of regulations, and the imposition of penalties. Second, 
there was an increase in the number of professionals involved and a greater 
decentralisation o f the action taken. The third stage involved the participation of all the 
public and private sector partners in a concerted action programme. Finally, and related 
to the last, the fourth stage combined the new ideas with addressing environmental 
issues. Indeed, this decentralisation of actions, the diversification and collaboration 
among partners, and the consideration of environmental issues had encouraging results 
during the 1980s (ECMT, 1994).
2.2.6 City-wide traffic restraint and the sustainable safety principle
The success of traffic restraint both in individual streets and in an area-wide context 
(Section 2.2.3), led the latter to be applied to wider areas, and eventually the whole city. 
The packages o f measures which aimed at city-wide restraint, such as creation of 
attractive walking, implementation o f cycle facilities, promotion of public transport and 
the reduction o f vehicle speeds, have come to be known as “Environmental Traffic 
Management”- ETM (Tolley, 1990; ECMT, 1995).
It has been known for a long time that for safety policy to be effective it should be 
integrated with other matters of concern in the sphere of road transport, such as personal
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mobility, smooth flow o f traffic and environmental protection, and be diversified to
include all fields identified as being able to make a direct or indirect contribution to the
improvement o f road safety in the short or longer term (ECMT, 1994). The introduction
of the new principle of sustainable safety by the Dutch as a consequence of a reversal of
the downward trend in their number of fatalities in the early 1990s, goes further and
requires a broader interpretation of the concept of transport strategy and its objectives
(Section 2.1.3 and Allsop, 2002). It aims at one sustainably safe road traffic system:
‘... in which the road infrastructure has been adapted to the 
limitations of human capacity through proper road design, in 
which vehicles are technically equipped to simplify driving and 
to give all possible protection to vulnerable human beings, and 
in which road users have been properly educated, informed, and 
where necessary, deterred from undesirable or dangerous 
behaviours’ (Institute for Road Safety Research (SWOV),
1997b, p .l)
Sustainable safety requires that the use of the road system is:
• functional, by matching the actual use o f the road or path with its functions;
• homogeneous, by avoiding large differences between vehicles speed, mass 
and direction; and
• predictable, by minimising the number of situations in which road users are 
exposed to uncertainties either in terms of road layout or other road users’ 
behaviour.
The city-wide traffic restraint approach and the sustainable safety principle require not 
only infrastructure works but also changes in economic, social and educational policies.
2.2.7 Towards an environmentally sustainable and a safe transport system
Road safety, as an area of professional effort backed up by science, has gone through 
different phases o f development (Figure 2.1). The Organisation for Economic Co­
operation and Development (OECD, 1997b) has identified in the course o f the twentieth 
century four phases of scientific views (paradigms) concerning road safety which 
formed the basis for the urban safety policies and approaches described in the foregoing 
sub-sections (2.2.1 to 2.2.6).
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The first was the “control of vehicles phase”, when controlling the automobile was seen 
to be the problem and there was little real research but instead a description of what was 
happening. The second was the “traffic situation phase”, when the control of traffic 
situations was seen to be the problem and the research was centred round the “three Es”: 
Engineering, Education and Enforcement (later evolving to the “four Es”, with the 
introduction of Encouragement -  Section 2.1.2); at that time systematic road safety 
research was bom and a number of disciplines came into road safety research. Next was 
the “management of road traffic phase”, when the road traffic system was seen to be the 
problem and systematic approaches, such as mathematical models for description and 
prediction o f traffic accidents were developed, and cost / benefit ratios were calculated 
(Section 2.3). Finally, the “transport system phase”, when management of the transport 
system as a whole was seen to be the problem and the scope is wider than road traffic 
itself. Useful further discussion of successes and failures in the development o f urban 
road safety for some of the European countries is provided by Kjemtrup and Herrstedt 
(1992).
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The first was the “control o f  vehicles phase”, when controlling the automobile was seen 
to be the problem and there was little real research but instead a description of what was 
happening. The second was the “traffic situation phase”, when the control of traffic 
situations was seen to be the problem and the research was centred round the “three Es”: 
Engineering, Education and Enforcement (later evolving to the “four Es”, with the 
introduction o f  Encouragement -  Section 2.1.2); at that time systematic road safety 
research was bom  and a number o f  disciplines came into road safety research. Next was 
the “management o f road traffic phase”, when the road traffic system was seen to be the 
problem and systematic approaches, such as mathematical models for description and 
prediction o f  traffic accidents were developed, and cost / benefit ratios were calculated 
(Section 2.3). Finally, the “transport system phase”, when management o f the transport 
system as a whole was seen to be the problem and the scope is wider than road traffic 
itself. Useful further discussion o f successes and failures in the development o f urban 
road safety for some o f  the European countries is provided by Kjemtrup and Herrstedt 
(1992).
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Four different scientific stages of growing complexity of the approach towards urban 
road safety over the twentieth century have been described, and now a fifth step is 
foreseen. It is characterised by aiming at “an environmentally sustainable and 
intrinsically safe transport system” (OECD, 1997a), i.e. a stage when road safety, 
mobility and environmental objectives are given similar priority. Therefore, future 
policies should consider the need to integrate safety and environmental strategies as 
well as integrating both within an overall transport policy (including pedestrian footway 
infrastructure, cycle paths, public transport services and parking) and more widely with 
land-use planning (IHT, 1996a, 1997; OECD, 1997a; Perkins et al., 1997; British 
Department of the Environment Transport and the Regions, 1998, 2000).
In this context, urban road safety engineering casualty reduction programmes, which 
must successfully address urban road safety problems without creating or promoting 
other unintended problems, should be based on three further guiding principles:
1. economic viability. Funding is key in achieving success and, like most of 
human activity, urban road safety work needs to be cost beneficial;
2. equity. The safety problem has to be analysed and shared objectives must be 
agreed and published in order to allocate a fair amount of resources between: 
all groups of road users with special attention given to children, the elderly, 
people with reduced mobility, pedestrians and cyclists; different areas of the 
cities; and the present and the future. This is only achievable by making all 
development participatory and community based; and
3. continuity. Implementation of strategies and measures which deliver lasting 
road safety improvements by applying situationally-specific solutions and by 
continuous monitoring of their effects. This requires developing and 
enhancing the involvement and expertise of local organisations.
In addition to the three principles stated above, the wider effects, in particular the 
impacts on local environment, o f road safety engineering schemes should be integrated 
with the other policies for the built-up area.
Admittedly the safety engineers cannot produce solely out o f their own skills the 
conditions necessary for an adequate environmentally sustainable and safe transport 
system. However, their contribution is necessary as part of a wider transformation in 
which many other groups, professions and institutions must in the end participate.
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2.3 METHODS AND RESEARCH TECHNIQUES FOR DIAGNOSIS OF 
URBAN ROAD ACCIDENTS
A key element for road safety improvement is to diagnose -  by analysing and 
describing - the road safety situation, which requires different types of data (Section 
2.5), different analytical methods and investigatory techniques depending on the 
approach chosen. This in turn is often related to availability o f resources and priorities 
established by the responsible organisations (Section 2.6). The diagnosis of road safety 
problems allows comparisons to be made, for example between means of transport, with 
other activities in society, and between specific entities such as countries, cities, road 
users or road locations (Sections 2.1.1, 4.2 and 8.2). It also assists in directing road 
safety programmes to certain groups of accidents or road users (Section 2.1.4) and 
appraising the effectiveness of remedial measures implemented (Section 4.4).
Previous sections of this chapter have addressed the importance of the co-ordination of 
road safety engineering with vehicle engineering and influencing road user behaviour 
by information, education, training and enforcement in reducing risk on the roads 
(Sections 2.1.2 and 2.1.3). The remainder of the chapter is focused on road safety 
engineering programmes themselves, in particular in urban areas, since the primary 
objective of this project is to develop a methodology that systematically diagnosis urban 
road problems in Portugal, and supports the implementation o f road safety engineering 
measures (Section 1.2).
Urban road safety engineering programmes have four main approaches (British 
Department o f Transport, 1986; IHT, 1990b; Khisty, 1990; Nicholson, 1990; Odgen, 
1996):
1. single site action, which deals with the treatment of specific sites or short 
lengths of road at which accidents cluster;
2. mass action, which deals with the application of a known remedy to numerous 
locations having common accident-related features regardless of actual 
previous accident occurrence;
3. route action, which deals with the application of remedies to a road having 
above average accident rate for that type or class of road; and
4. area-wide action, which deals with the application of remedial measures in an 
area having an accident rate above a pre-determined level.
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The classical method of diagnosing urban safety problems begins with the identification 
o f hazardous sites and situations (Section 2.2.2). Historical evidence shows that many 
highway authorities in Europe, including Britain, and the U.S.A. routinely identify high- 
risk sites (Silcock and Smyth, 1984; Zegeer, 1982), and systematic methods for 
selecting remedial treatments have been well established for decades (British 
Department of the Environment, 1974; Organisation for Economic Co-operation and 
Development (OECD), 1976). Whereas in other countries, such as Spain, Italy, Greece, 
Poland and Portugal, Local Authorities have had little documented experience in 
dealing with urban road accidents (Section 2.1.5).
Various criteria can be used to recognise when the number o f accidents recorded at a 
particular location is enough to justify an investigation. The simplest criterion to 
identify a site or route is the number of accidents in a given period exceeding a set 
value. When considering non-junction accidents the identification of high-risk sites is 
by either dividing the road into fixed lengths or by the “moving cursor” method. The 
moving cursor method entails scanning the road network for sections of road containing 
a large number of accidents by systematically moving a fixed long cursor in small 
increments along all roads on the network to find spatial clusters of accidents exceeding 
a set value (Mackenzie and McCallum, 1985). The moving cursor is preferable because 
it eliminates arbitrariness in the definition o f road sections, but it is time consuming if 
done manually. Although straightforward and widely used, the accident totals method 
does not facilitate comparisons between junction and non-junction situations, and does 
not take into account exposure, severity or random fluctuations. Hence, other criteria 
have been considered, such as: accident rates, potential for accident reduction, severity, 
and annual cost of accidents occurring at that site.
Some accidents, such as more severe ones or involving children, have higher economic 
or social costs, so it can be sensible to split accident totals by severity or attach them 
different weights, for example based on costs or political judgements.
The comprehensive diagnosis of the road safety problems requires information on the 
kind and amount of the activities that generate these problems, i.e. exposure data. For 
example, if  in City A 20 accidents involving bicycles were reported while in City B 
“only” five of those accidents were counted, one can be tempted to assume that in City 
A is approximately 300% more dangerous for pedal bicyclists than City B. However, if
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there are more bicycles in City A than in City B this statement can be exaggerated or 
even completely incorrect. Accident numbers (frequencies) should, therefore, be 
considered against an appropriate measure of exposure: if  in City A there are four times 
more bicycle-kilometres than in City B, the accidents / vehicle-kilometre is the same in 
both cities; and if the number of bicycle-kilometres is the same in both cities, riders’ 
exposure is the same and bicycle accident rates differs by a factor o f 4.
In urban road safety analysis, useful exposure data units can be population, number of 
registered vehicles, vehicle / driver-kilometres, vehicle / driver-hours, and trips, and 
traffic flow (Table 2.3). Exposure data, which are often not assembled systematically 
and, therefore, often has a time lag with road accident data, are mainly used to calculate 
accident rate defined as:
Average number o f  accidents in a specified time
(2.1) Accident rate = ___________________________________________
Amount o f  exposure in the same specified time
Number of accidents per square kilometre, per million vehicle-kilometres, per registered 
vehicle, per kilometre o f road and per intersection, per head of population and per 
dwelling are some denominators of the rates used in residential areas. However, in 
particular in residential areas, none of them are entirely adequate if  they do not include 
information on pedestrian flows and crossing movements, which are rarely available 
and difficult to collect. Useful further discussion on advantages and disadvantages of 
accident rates in residential areas is provided by Organisation for Economic Co­
operation and Development (OECD, 1979). Further details about risk analysis can be 
found in Section 2.1.3 and OECD (1997b).
The influence o f exposure on accident frequency has been a topic of research in road 
safety for many years. For example, Satterthwaite (1981) provides comprehensive 
review of historical evidence going back to work carried out by Vey (1937), Tanner 
(1953) and Smeed (1955) that reported the influence o f traffic flow on accident 
frequency. The more traffic there is the more accidents will tend to happen but not 
necessarily proportionately more. In other words, whereas accident totals might bias 
identification of high-risk sites towards sites with high traffic flows, the traffic flow 
accident rates can have the same effect towards sites with low traffic flows and few 
accidents to prevent.
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Although it is widely accepted that accident rates are very important in diagnosing the 
road accident situation and in giving an indication o f what measures are most important 
to enhance the road safety situation, Hauer (1995) stresses that exposure measurements 
both “/o equalise fo r  differences in intensity o f  use so as to make comparisons useful; 
and to identify over-representation, perhaps as a clue fo r  causal factors or as 
motivation fo r  intervention ” (p. 134) should be used cautiously. In the first case, Hauer 
explains in the same document, this is because the relationship between the number of 
accidents and intensity of use - safety performance function - is often non-linear. In the 
second case, it is because one can be tempted to favour locations or road users that are 
over-represented in accidents despite having only a small number of accidents, or in his 
own words:
“It is not altogether clear why drivers (or road sections, or 
intersections, or vehicles) have to be over-represented in 
accidents before one can justify the need to do something to 
improve their safety. Nor it is clear, or usually true, that if  
people (or roads, or intersections or vehicles) are over­
represented, this makes them somehow susceptible to 
improvement, or that the remedy or improvement tend to be less 
costly, or that action is more urgent in this case.” (p. 137)
The general understanding has been that there are certain locations on the highway 
network where accidents tend to gather which should be selected for particular types of 
local safety schemes. The key is to define the selection criterion. In 1981, McGuigan, to 
whom “z7 is unlikely that accident prevention measures at locations with either (a) high 
accident rates, but low accident totals; or (b) high accident totals, but low accident 
rates, will provide the most attractive economic return” (p.451), proposes the innovative 
potential accident reduction (PAR) criterion, which he defines as “the difference 
between the actual and expected number o f  accidents” (p. 451) at a site with a certain 
level of traffic flow. The use o f the PAR criterion, therefore, requires the estimation of 
expected accident totals using appropriate functions of traffic flow and layout, in ways 
documented in the literature (Colgate and Tanner, 1967; Hakkert and Mahalel, 1978; 
Chapman, 1980).
Adding to the contribution made by McGuigan to this field, the work reported in Maher 
and Mountain (1988) compares methods of identifying high-risk sites, namely the 
accident totals, used by most highway authorities, and the PAR. It was recognised that
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the PAR can overestimate the accident reduction to be expected from a safety measure 
that will make the site typical, at the same time that it requires extra data, in particular 
site characteristics and traffic flows, to be assembled which leads to considerable more 
resource requirements. It has, therefore, been concluded that there might be little room 
for recommending PAR to be used in practice by highway authorities.
Related but even more sophisticated alternatives for identifying and selecting high-risk 
sites for road safety engineering remedial treatment are accident prediction models 
which relate traffic accidents and road geometry, together with traffic volumes, in order 
to determine the effect of road and junction design on the frequency o f accidents 
(Satterthwaite, 1981; Maher and Summersgill, 1996; Mountain et a i, 1998). Greibe 
(2003) reports findings from analysis of accident prediction models for urban junctions 
and urban road links. These models include various factors affecting safety, including 
traffic flow, the road environment, number of minor side roads, parking facilities and 
speed limit. In urban areas, “explanatory variables describing road design and road 
geometry proved to be significant for road link models but less important in junction 
models. The most powerful variable for all models was motor vehicle traffic flow” 
(Greibe, op. cit., p.273). Accident prediction models rely strongly on the availability of 
good quality road accident and exposure data and can be incorporated into Accident 
Analysis Systems (Section 2.4).
Having determined which locations are hazardous and having chosen which are the 
priorities in order to concentrate on locations with greater potential for cost-effective 
treatment, the next step involves determining whether the accident pattern at a location 
is amenable to treatment with road engineering remedial measures. The detailed 
diagnosis of safety problems involves on-site and in-office analysis. In-office analysis 
culminates with the preparation o f an accident summary report for each site studied, 
based upon the analysis of accident histories and the tabulation of various features that 
are associated with accidents which have occurred at the location -  for example in the 
form of a “stick diagram” (McShane and Roess, 1990). The diagnosis finishes with the 
identification of potential road safety engineering measures for each location, which 
depends on the nature of the site and the accident types identified.
The main objective of road safety engineering programmes is to reduce the number and 
severity o f accidents. It is, therefore, important to estimate the likely consequences of
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road safety measures both to decide which measures to implement and in what order. It 
is widely accepted that two distinct phenomena -  the regression-to-mean effect and 
road accident migration - can lead to overestimation of the effect of safety measure 
benefits (Section 2.1.1).
Wright et al. (1988) pointed out what may follow if one “considers a site whose 
accident frequency is observed to have a particular value over a particular period. 
During a future period, the observed frequency may rise or fall. Without further 
information we cannot say much about what it is likely to happen”(p.l99). There is a 
random factor in aggregate accident data (Table 2.3). If sites are selected for treatment 
because their accident frequencies are higher that those at other sites, then in the future 
the number of accidents is more likely to decrease towards the mean of the population 
of sites to which the chosen sites belong than to increase away from it. Or in other 
words, at sites with high accident frequencies even if  road safety measures are not 
implemented, the number of accidents will tend to decrease. This is called the 
regression-to-mean effect and if  not taken into account will lead to bias by selection in 
estimates of the accident-reducing effect of measures taken.
In fact, an appreciable proportion of the difference between the “before” and “after” 
road accident frequencies can be attributed to the regression-to-mean effect rather than 
to the road safety engineering measures. The size o f the regression-to-mean effect, 
which ought to be calculated, depends on the position of the particular site in relation to 
the mean for the population to which it belongs and the period over which the accident 
frequency is observed. High-risk sites that have been identified for treatment with high 
number of accidents, observed over a short period, tend to be more prone to this effect.
The literature does provide a considerable number o f techniques, which generally use 
computer programmes for processing data, of correction for bias by selection (Hauer, 
1980a, b, 1986, 1992; Senn and Collie, 1988; Danielsson, 1988; Brude and Larsson, 
1988; Mountain et al., 1992a, b). These techniques should be used when sites are 
identified for treatment on the basis of their accident record and using the “moving 
cursor” method, both in the process of choice o f road safety measures and when 
attributing subsequent accident reduction to the treatment. Several theoretical issues are 
involved in the estimation of the regression-to-mean effect. For example:
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• the definition of “sites” themselves (in other words: has, for example, the 
accident history been taken into account when defining a “site”?);
• the definition of “population” from which the site under consideration is regarded 
to have been drawn (for example, should all sites in the study be considered the 
“population” or only those sites with similar physical characteristics?); and
• the fact that road safety engineering measures are usually aimed at one particular 
treatable category of accident at a site (i.e. should accident totals be split into 
treatable and non-treatable accidents?)
Useful further discussion of allowance for regression-to-mean is provided by Wright et 
al. (1988) and references therein.
Further warnings against simply estimating benefits of road safety measures ( 0 = ( A t  -
B t )  / B t  ) by comparing the number of accidents before (B y) and after (A t)  remedial
treatment, or even those with the corresponding accident frequencies (Be and Ac) of
some how comparable sites unaffected by the treatment - control sites, i.e. 0 = ( A t  Be -
B t  A c ) / B t  A c  concern the road accident migration phenomenon. The literature
suggests that a reduction in the number o f accidents at sites treated by means of road
safety engineering measures can lead to associated increases of accident frequencies at
untreated neighbouring sites (Persaud, 1987; Mountain and Fawaz, 1989, 1992). Boyle
and Wright (1984a), who have first noticed this effect, clarify:
“It should be noted that although this effect has been described 
as “accident migration”, the terminology is slightly misleading 
since there is no physical movement o f accidents, rather do 
accidents decrease in one location and increase in others. The 
apparent movement is an illusion arising from the proximity of 
the increase and decrease. However, if  it occurs, the effect will 
have serious implications for the practising engineer, as the 
apparent benefits o f treatment at a blackspot may be eroded by 
small increases at sites spread over a wide area.”(p. 266)
Accident migration should be taken in consideration when assessing the effectiveness of 
road safety engineering measures. The presence of accident migration (between 
hazardous road locations, within each hazardous road location, by type of accident, or 
by severity of injury) as a substantial effect and sound reasons for its existence are still 
controversial (Huddart, 1984a, b; and Boyle and Wright, 1984b). Some plausible 
explanations of the accident migration that have been suggested are:
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• human factors, in particular behavioural mechanisms, i.e. successful treatment at 
one hazardous location can reduce the proportion of drivers leaving the site who 
are behaving cautiously so that the number o f accidents in surrounding areas 
might tend to increase (Section 2.1.3 and Boyle and Wright, 1984a, c; Adams, 
1985; Evans, 1991);
• change o f accident exposure or flow value at neighbouring (untreated and 
adjacent) sites, i.e. “some types of treatment may cause the distributions of 
vehicular or pedestrian traffic so that volume and/or composition of traffic flow 
changes at both the treated sites and in the surrounding area.” (Mountain and 
Fawaz, op. cit., p. 15); and
• statistical effects. i.e. a combination of both the simple 
reverse-regression-to-mean effect (in other words, if  neighbouring sites are not 
selected for treatment because their accident frequencies are lower that those at 
treated sites, then in the future the number of accidents is more likely to increase 
towards the mean of the population of sites to which these sites belong than to 
decrease away from it (McGuigan, 1985a, b), and a spatial correlation 
mechanism between the true accident rates at nearby or adjacent sites, in the road 
network (Maher, 1987,1990).
Regression-to-mean and migration effects, as well as long-term trends affecting the 
number of accidents or injured road users, general changes of road accidents from 
before to after road safety measures are introduced, changes in traffic and any other 
specific events introduced at the same time as the road safety measures are confounding 
factors (Hauer, 1997). The extent to which these factors affect the change in the number 
o f accidents or injuries needs to be estimated, either statistically or by using a control 
group, when appraising the road safety schemes. More information on this issue is 
provided by Elvik (1997, 2002).
In summary, the diagnosis stage o f the high-risk sites programmes comprises: 
identification and ranking of hazardous locations or situations; identification of the 
safety problem in each location; and identification o f possible road engineering 
measures to be applied. Sites and other entities should be subject to treatment on the 
basis of their previous accident history, preferably looking at around three to five years 
of road accident data (Sabey, 1985; Nicholson, 1987; Retting et al., 2001) together with 
the identification of particular road factors which are contributing to road user
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involvement in the accidents (diagnosis of fault) and the determination of them being 
rectifiable. This analysis requires examination of accident reports and often comprises 
tabular and diagrammatic methods. Out of the scope of the diagnosis stage, but closely 
related to it, both the choice of the road safety engineering measures and the evaluation 
stages should allow for the regression-to-mean and migration phenomena.
A problem arose, however, when it was realised that “more than half the accidents in 
towns and cities are too widely scattered to be reduced by such treatments” (IHT, 
1990a, p.4). Indeed, once cluster sites have been dealt with, a big proportion of road 
networks do not present single dominant accident types which might be treated on their 
own. Also some accident types, such as the child pedestrian accidents, seldom occur in 
clusters and are unlikely to be significantly affected by investigations based on the site- 
specific approaches, described above (Section 2.1.4).
The need for a new methodology was addressed with the type of issues resulting from, 
for instance, speed differentials between motor vehicles and other traffic, pedestrians 
needing to cross roads and arrangement for parking. This methodology aims to support 
the implementation of measures which clarify the function of different parts of the road 
network helping road users to perceive the risks they might encounter and lead them to 
adjust their behaviour (Sections 2.1.3 and 2.2.7). Another major step was the 
recognition that, unless different groups participate in the urban safety effort, the 
methods available will be limited. The groups who need to be involved include, in 
addition to the team of Local Authority professionals and consultants, the local 
community, politicians, and other professional groups such as police officers and urban 
planners, and those concerned with: a) public transport, b) emergency services, c) 
access for people with reduced mobility, and d) environmental improvement (IHT, 
1990a, 1996a; British Department of the Environment Transport and the Regions, 2000; 
Retzko, 2000; European Commission DG VII, 2000). There are four major reasons for 
the involvement of other groups:
1. Mobilisation of resources: the community and local organisations are more 
likely to contribute funds, labour or management in situations where people 
are involved in decisions. Funding is critical in achieving success;
2. Identification of local needs: participation of the community and local 
organisations help to achieve a more accurate assessment of their needs and 
requirements. It also improves the identification of hidden problems, such as 
personal security, especially for pedestrians and women, and perceived and
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real risk; and the development of strategies that are equitable between road 
users;
3. Maximising choices: bringing all parties together to tackle the urban road 
safety problem makes available a far larger range of solutions. The measures 
can be applied in order to achieve, not only safety, but also mobility and 
environmental benefits; and
4. Identification with the project: where the community and local organisations 
have been actively involved, they feel more responsible for the project and are 
more supportive of maintaining measures, and keep them in place.
In this way, the high number and specific characteristics (clustered and scattered) of 
accidents in urban areas and the range of ways of reducing them, have led to a special 
approach to accident reduction and prevention programmes known as urban safety 
management (USM) (IHT, 1990a; OECD, 1990a; European Commission DG VII, 
2000).
The diagnosis of the safety problems begins with the analysis of the city as a whole and 
the definition of safety objectives at this level, and then separate and more detailed 
studies are developed in local areas -  area-wide action. Various criteria can be used to 
identify areas for area-wide study: poor safety records; an opportunity to collaborate in 
other local urban initiatives and/or other engineering programmes; good potential for 
reduction o f accidents at a relatively low cost; and coherence in the community which 
facilitates the consultation process.
Urban safety management combines and integrates single site and route action, which 
are designed to deal with clustered accidents, and mass action, directed at sites having 
particular characteristics, with the area-wide approach, which particularly aims at 
dealing with scattered accidents by re-distribution of traffic over the road network.
Urban safety management principles, although identified previously, match the 
sustainable urban safety philosophy, which is currently recommended by international 
organisations and adopted by some national road safety organisations (Sections 2.2.7 
and 2.6). However, the EU DUMAS project has recently concluded that the number of 
fully city-wide projects developed using this approach is small. Two examples are: the 
Conception d’un Plan de Security pour la Ville de Rennes (French National Institute for 
Transport and Safety Research (INRETS), 1995) and The Safer City Project in
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Gloucester (Mackie and Wells, 2003). Non-technical factors seem to have been 
delaying the more widespread adoption of this approach:
1. resistance to change: every system has a built-in inertia;
2. isolation amongst sectors: groups tend to operate in isolation, whereas the 
urban safety management approach requires team work amongst different 
organisations and within Local Authorities;
3. cost: inter-agency and community participation is expensive and time 
consuming;
4. political, it often requires a change in local policy priorities.
2.4 ACCIDENT ANALYSIS SYSTEMS
Accident analysis systems (AAS) are important tools to assist the diagnosis of urban 
road safety problems both in the high-risk sites and urban safety management 
approaches. They are information systems aiming to: provide accurate and detailed 
information for road accident analysis; propose safety measures; and support their 
evaluation after implementation. They allow powerful and versatile data management 
and automation of the routine parts of the process of accident analysis. However, they 
have enormous data requirements (namely accident data, road data, and traffic data) 
leading to initial costly data collection and storage; and they also need familiarity with 
urban road accident analysis by their users (European Commission DG VII, 1998a, 
p.39).
The development and implementation of an AAS should take into consideration the 
variety of types of potential AAS user (road safety professionals, traffic engineers, 
police officers, insurance companies, courts, vehicle industries, hospitals and health 
centres) and hence usually require co-operation on interagency basis as well as within 
agencies. Depending on the degree o f sophistication of the particular AAS, it has more 
or fewer data analysis modules and presents results using different types of output. 
Process modules can be: data retrieval; sorting data on request; production of general 
statistics; definition of high hazard locations using for example expert systems (Wu and 
Heydecker, 1991; Heydecker, 1996; Heydecker and Wu, 1999); and before and after 
studies. Concerning the outputs o f those analyses, they can be simple tables and graphs 
of absolute numbers or percentages, “stick diagrams” or their equivalent (Section 2.3), 
and maps.
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Linking of databases (such as accident data file, infrastructure data file and traffic data 
file) is the key which allows analysis to be developed. For road safety purposes location 
references have been considered the best way of integrating databases. Geographic 
Information Systems (GIS) have been gradually introduced bringing substantial 
improvements to data quality and visual interpretation (Simkowitz, 1989). They also 
allow automatic data collection, by means of the Global Positioning Systems (GPS).
Various accident analysis systems have been developed and maintained in different 
countries, such as Accidents Urbains sur Ordinateurs (AURORE), in France (Centre 
d'Etudes sur les Reseaux les Transports lTJrbanisme et les Constructions Publiques 
(CERTU), 1988); and Micro-computer Accident Analysis Package (MAAP), in Britain 
(Transport Research Laboratory, 2003). Other ASS are summarised in Working Paper 4 
of the EU DUMAS project (European Commission DG VII, 1998a).
2.5 ROAD ACCIDENT DATA COLLECTION
Engineering programmes for road accident reduction are achieved through road accident 
investigation procedures, which are essential in the identification, design and evaluation 
of road safety engineering schemes. Road accident investigation requires accident and 
exposure data (Sections 2.1.1 and 2.3, and IHT, 1990b). Although the existence and 
reliability of data are crucial, it is not always available and often presents limitations.
At an international level, collection of accident data, exposure data (such as road user, 
vehicle, network and traffic data), and other additional data (such as demographic data, 
economic indices, meteorological information, vehicle energy consumption, number of 
infringements, number of alcohol tests, etc.) is based on each country’s national data 
systems (OECD, 1995). The DUMAS project (European Commission DG VII, 1998a) 
concluded that there is limited consistency or commonality in the data collection and 
definitions used amongst countries and, therefore, comparability at international level is 
still limited.
At the European level, however, effort has been made to improve the comparability of 
road accident data through the Community Road Accident Database (CARE) (ETSC,
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1994; National Technical University of Athens, 1996; Commission of the European 
Communities (CEC), 1997).
At a national level, the most important source of road accident data is a police report 
form. When called to an injury accident or when one has been reported to them, the 
police draw up an accident report, and in some countries and under certain conditions 
the police also record accidents involving only material damage. Road accident data 
collected from police accident reports are forwarded through the police forces or Local 
Authorities and then centralised by the administration responsible for the national road 
accident data file. Other sources of road accident data can be: hospitals, health centres 
and insurance companies. Traffic conflict surveys can also provide localised 
information about accident risk (Kraay, 1985; and IHT, 1987).
Although each national road accident data form has its own particular structure and 
characteristics, the basic accident variables collected have much in common. Accident 
variables collected in most countries include information on time and location, road 
users, road environment, vehicles and a description of the accident. However, the 
definition of each item of data needs to be explicitly considered, because, as mentioned 
before, there are currently important differences between countries in these definitions. 
Road accident data present some limitations and problems, such as underreporting, 
imprecise accident location, lack of alcohol level data, and inaccuracies and delays in 
reporting (IHT, 1990b, 1997; Odgen, 1996; European Commission DG VII, 1998a).
2.6 URBAN ROAD SAFETY RESPONSIBILITIES
The new vision of delivering an intrinsically safe transport system requires 
consideration in statutory plans at different levels o f responsibility (Sections 2.1.2, 
2.1.3, and 2.2.7). Many issues that once were handled within national boundaries have 
become globalised, and the urban areas are the setting of many of them. Financial 
markets, information systems, technological development, environmental issues and 
road safety cannot currently be controlled solely by national decision-making structures. 
On the other hand, there is the general conviction that no amount of government or 
private money will be sufficient in terms of urban improvement unless local people
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support the urban initiatives. Approaches to urban road safety need to be compatible 
with the international, national, regional and local policies.
International organisations have recently been setting goals for urban planning and 
especially for transport measures based on the concept of sustainable development, 
which the World Commission on Environment and Development (1987) defined as 
being:
“the development that meets the needs of the present without 
compromising the ability of future generations to meet their own 
needs.” (p. 43)
At national and international levels, there has been an aim to reduce disparity between 
countries and cities within each country, and increase understanding o f how co­
ordination and integration of policies need to be undertaken. However, the principle of 
reducing differences is often in conflict with goals of economic growth and 
development, sometimes within the urban areas themselves.
Although countries tend to have different practices in the implementation of urban 
policies (ECMT, 1995; Preston, 1997; Sammer, 1997), there are similarities in the type 
of functions for which the various levels of government (national, regional and local) 
take responsibility for urban road safety. Typically, each country has a planning process 
and hierarchy o f development plans into which urban road safety programmes aim to fit.
Many national governments have been gradually committing themselves to sustainable 
development. They legislate on matters which affect road safety and some have set 
targets for casualty reduction. They set standards, make regulations and 
recommendations, provide policy guidance to local planning authorities, encourage or 
discourage particular measures by offering or withholding financial inducements and 
promoting educational and publicity campaigns. National governments are often the 
owners of the national road accident database (Section 2.5). Hence, they can carry out 
large-scale investigations of road safety problems: to give an overview of accidents 
occurrence; to enable trends to be examined; and to help to assess the effect of 
legislation or changes in national circumstances.
However important the urban road safety responsibilities at international and national 
level are, the relevant literature on this matter recognises the particular importance of
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Local Authorities, which are most directly concerned with improving the cities for
which they are responsible and overcoming their particular problems, in contributing to
the improvement of national road safety performance and of allocating national and
local resources effectively. The identification of this key role led to some countries,
such as Great Britain (British Government, 1974), to give Local Authorities statutory
responsibility for road safety. As the Local Authority Association (1989) says there is:
“the need for local authorities to play a lead role in helping to 
achieve the ambitious casualty reduction target set by the 
Secretary of State for Transport.” (p. 1)
Local Authorities* provision for urban road safety can include education, training and 
publicity programmes, and road engineering schemes specifically designed to reduce 
road accidents and casualties. Urban road safety improvements do not depend 
exclusively on the physical aspects of the measures adopted (Section 2.1.2), but it has 
been recognised that the implementation of road safety engineering measures can 
provide early benefits in respect o f accident prevention and casualty reduction (ECMT, 
1995; RoSPA, 2002).
If developing sustainable and equitable safe urban road environments is a goal, then 
national planning has to support an administrative structure that permits local autonomy 
in planning, designing and implementing urban road safety programmes. In turn, Local 
Authorities need to diagnose their road safety problems and to set safety objectives.
2.7 CONCLUDING REMARKS
Urban road safety is a complex issue as it is related to many urban activities and 
policies. Clearly, a single approach cannot improve road safety effectively. Each, 
including the Engineering, Education, Enforcement and Encouragement, has to exist 
with each other, and preferably in integration with them in order to reduce road 
accidents and casualties. But in urban areas substantial scope remains for road safety 
engineering programmes. The seriousness of the urban road safety problem has 
motivated a proliferation o f innovative approaches (Section 2.1).
As historical perspectives might help to foresee how developments will progress in the 
future, especially in countries that are not yet at the forefront of road safety work, the
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history of efforts towards road safety has been summarised. Extensive literature in 
different countries, such as Britain, the Netherlands, Denmark, France, Ireland, New 
Zealand and Australia has shown that, although activities for the systematic diagnosis of 
accidents in urban areas require adaptation to meet requirements of different urban road 
environments and administrative organisations, various countries have pursued similar 
urban road reduction programmes using specific engineering measures. The leading role 
in developing new approaches has shifted between countries. The interdisciplinary 
interests contributing to urban road safety are brought together in the sustainable road 
safety context. Urban road safety has evolved into a cross-disciplinary phase with 
emphasis on safety and the environment (Section 2.2).
Historical evidence shows that for decades in many countries, although in some 
countries much more extensively in than others, a big proportion of the effort and 
resources assigned to urban road safety have been directed towards the identification of 
hazardous road locations, their treatment and the subsequent evaluation. Although 
estimating the effectiveness of measures requires sophisticated procedures, studies show 
that tackling sites where accidents cluster by implementing low-cost road engineering 
measures has been highly efficient in reducing the number o f road accidents and their 
severity leading to high ratios of benefit to cost. Aiming for further reductions in the 
total number of accidents in urban areas, after the more obvious high-risk sites have 
been treated, it has been considered that “in the longer term all urban areas should be 
appraised on area-wide basis to assess the capacity o f the road network to cater safely 
for the travel demands within the area” of that city (Institution of Highways and 
Transportation (IHT), 1990b, p.23). Area-wide treatments have led to the urban safety 
management (USM) approach as being the way to treat scattered accidents. However, 
simultaneously new hazardous road locations will continue to appear due to changes in 
road user behaviour, in traffic characteristics, or in road environment. These locations 
together with other appropriate road safety engineering measures must be identified. 
The urban safety management approach combines the area-wide and multi-disciplinary 
approach with the single-site and route action, typical of the hazardous road location 
programmes, within its strategy. The balance between treatment of hazardous road 
locations and area-wide measures should be adjusted to the current road safety situation 
and the availability o f resources and data in the country considered (Section 2.3).
74
Urban road safety background
It has been shown that road safety improvements resulting from the implementation of 
road safety countermeasures, including road safety engineering measures, may not be as 
great as anticipated due to both behavioural adaptations of road users (Sections 2.1 and 
2.3) and statistical effects (Section 2.3). However, there is evidence that countries where 
road safety countermeasures (Engineering, Education, Publicity and Enforcement) and 
road safety research have been systematically carried out show substantial road safety 
benefits (Section 2.2).
Promoting lasting and equitable urban road safety requires national governments to be 
proactive in developing policies that promote the necessary changes and to support 
Local Authority initiatives. Local Authorities, which perform a vital role in the 
implementation of road safety engineering programmes, need to have a clear 
understanding of the pattern of road accidents in their urban areas. The diagnosis of 
urban road accident patterns requires relevant data and systematic methodologies for 
data analysis (Sections 2.3 and 2.5).
The next chapter analyses the current Portuguese urban road safety context in order to 
verify whether any of the methods and techniques used in other countries are suitable as 
a platform on which the proposed methodology for use there can be built, or whether a 
brand new methodology needs to be developed.
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3 THE CONTEXT OF URBAN ROAD SAFETY IN PORTUGAL
This chapter provides the factual information needed to recognise the magnitude of 
Portuguese road safety problems, in particular the urban road safety issues, and to 
identify a practical approach to contribute to the solution of these problems. The main 
aim of this exercise is to assess the existing methods and techniques of systematic 
diagnosis of accidents in urban areas, as described in Chapter 2, for their applicability to 
Portuguese urban conditions and availability of information. One possible conclusion 
could be that no existing practice is suitable for this role, implying the need to build a 
whole new tool. Another possibility is the transferability, by fitting and developing 
other tools when necessary, of existing methods and techniques. In the latter case, the 
review needs to justify the selection made.
Section 3.1 outlines the road safety problem in Portugal. Section 3.2 lists and highlights 
important issues affecting Portuguese urban road safety and Section 3.3 examines the 
technical factors in greater detail. Section 3.4 justifies the choice of urban safety 
management as the approach to be transferred and adapted to the Portuguese situation.
3.1 THE ROAD SAFETY PROBLEM
Portugal is the most westerly country in Europe sharing the Iberian Peninsula with 
Spain. Lisbon is its capital (Figure 3.1). The country is formed by the mainland (which 
covers approximately 89 000 square kilometres) and two archipelagos: Madeira, with 
two islands which cover approximately 800 square kilometres; and the Azores, with 
nine islands which cover approximately 2500 square kilometres. There are 308 
Camaras Municipals (Local Authorities) in Portugal, of which 275 are on the mainland. 
Road accident data availability for the two archipelagos is limited, so that the analysis 
carried out in this section uses the mainland figures (Instituto Nacional de Estatistica 
(INE), 2001). Unless otherwise stated, Portugal will henceforth designate the mainland 
part of the country. Portugal has approximately 10 million inhabitants and around 4.5 
million registered vehicles, o f which 94% (4.2 million) are cars, 3% (0.14 million) are 
heavy vehicles and the other 3% (0.12 million) are motorcycles (Observatorio de 
Seguranga Rodoviaria (OSRP), 2001). The number of vehicle-kilometres on roads of 
national network (Table 3.4) rose from 18 468 to 27 202 million between 1990 and
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1995 (noting that the national road network analysed rose from 9 420 to 9 681 
kilometres in the same period) (M endoza, 2004).
Figure 3.1 Map of Portugal
A total of 42 521 injury road accidents were reported in Portugal in 2001. As in other 
countries, most (28 735 or 67%) of these accidents occurred inside urban areas 
(Observatdrio de Seguranga Rodoviaria (OSRP), 2002). Road accidents are also the 
main cause of death amongst children, and over half of these fatalities happen inside 
urban areas (Menezes, 2001). Figure 3.2 shows the annual numbers of reported 
accidents in Portugal for the years 1975 to 2001.
Reported injury accidents are classified as slight, serious or fatal, according to the most 
severe casualty in the accident, in accordance with Portuguese definitions. Definitions 
of these categories are given in Table 3.1.
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Figure 3.2 Annual numbers of reported injury accidents in Portugal (1975 to 2001)
Table 3.1 Portuguese definitions for severity of injury
Severity of injury Definition
Fatal injury Injuries that cause death at the scene of the accident or during
or immediately after transport from the scene of the accident.
Serious injury Injuries for which a person is detained in hospital for more than
24 hours.
Slight injury Injuries which are not considered serious or fatal injuries.
The 42 521 accidents caused injury to 58 510 people, of whom 1 466 were fatally 
injured, 5 797 were seriously injured and 51 247 were slightly injured. Whilst just over
half (57% or 834 / 1 466, in 2001) o f fatal casualties occur outside built-up areas, a
large percentage (64% or 37 298 / 58 510, in 2001) of road accident casualties happen 
in urban areas. Figure 3.3 shows the number o f road casualties in Portugal since data 
became available in 1975 (based on Observatorio de Seguranga Rodoviarm (OSRP), 
2002).
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Figure 3.3 Annual numbers of reported casualties (fatal, serious and slight) in 
Portugal (1975 to 2001)
In Portuguese national publications, the numbers of fatal casualties and injury accidents 
are used to estimate the severity ratio of accidents (equation (3.1)) (Observatorio de 
Seguranga Rodoviaria (OSRP), 2002, p.5).
„  fatal casualties(3.1) Severity ratio (1) = —---------------------- x 100
all injury accidents
Many other countries use the following ratio as an indication of severity (equation (3.2))
0 fa tal accidents + serious accidents(3.2) Severity ratio (2) = - ---------------------------------------------
all injury accidents
Figure 3.4 shows trends of both severity ratios since data have been available: 1975 for 
severity ratio (1) and 1987 for severity ratio (2).
Although the number of reported injury accidents have decreased in the last few years 
(Figure 3.2), the accident rates in Portugal are still notably high when compared with 
other countries. Table 3.2 shows comparable selected risk values for Portugal and some 
other countries. Due to the difference in the definition o f fatal injury used in Portugal 
(Table 3.1) and the one used in international databases (where fatal injury includes
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cases where death occurs in less than 30 days as a result of the road accident), 
Portuguese fatalities figures have been increased by 14% (International Road Traffic 
and Accident Database (ERTAD), 2002).
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Figure 3.4 Severity ratio (1) and severity ratio (2) in Portugal
Table 3.2 Selected risk values for the year 2000
Fatalities per 100 000 population Reported injury accidents per 100 000
Portugal (1999) 21.0 505
Greece (1997) 20.1 231
Italy (1998) 11.0 355
United Kingdom 6.0 405
Netherlands 6.8 239
Source: (International Road Traffic and Accident Database (IRTAD), 2002)
In summary the Portuguese urban road safety problem is large by international 
standards.
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3.2 IDENTIFYING THE FACTORS THAT MAY AFFECT URBAN ROAD 
SAFETY
Despite the serious situation of urban road safety in Portugal, the attitude of Portuguese 
people has, historically, been rather passive, as accidents have been considered part of 
the price of growing traffic density. In the same way, urban road safety has not been a 
high priority amongst the urban policies. In fact, policy decisions which have been 
pursued by various organisations have entailed different, and sometimes conflicting, 
actions leading to poor outcomes. One of the aims of this work is to contribute, together 
with some other initiatives currently being taken by various Portuguese authorities and 
institutions, to change these attitudes.
The first major step is seeing urban road accidents as a problem created by people’s 
actions and thus able to be prevented. The second major step that follows is seeing 
urban road accidents as a public health problem causing large social and economic 
losses to society, and therefore deserving the mobilisation of society and state around it. 
The transformation of the urban road accident problem into a vital political issue allows 
the development of major comprehensive interdisciplinary programmes with the aim of 
decreasing the number and severity of urban road accidents.
In Section 2.1.2, three contributory factors to urban road accidents were identified: 
human, road environment and vehicle. However, in order to identify Portuguese needs 
to improve urban road safety, five further dimensions- institutional, enforcement, 
technical, social and cultural - must also be considered (Section 2.1.5). Figure 3.5 
illustrates the complex relationships amongst urban road safety and other various 
factors.
Human, road 
environment, vehicle
Technical Enforcement
Urban road safety
Institutional Social
Cultural
Figure 3.5 Contributory factors to urban road safety
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Although there are no studies on the contribution of each of these factors to Portuguese 
urban accidents, it has been broadly believed that human errors are responsible for the 
great majority of them. Oliveira (1998) stated that there had been a persistent attempt of 
explaining road accidents as “behavioural” faults of the Portuguese drivers, who have 
been seen as:
“not especially motivated to work together with the police 
officers and are somehow disrespectful of traffic laws.” (p. 75)
(translation)
Oliveira goes on to recognise that the failure to acknowledge the importance of other
factors has led to faulty diagnosis about the nature of the problem. Also concerned with
the excessive responsibility placed on drivers, Santos (2001a) adds that:
“no national study has shown that there is a particular 
psychological factor in our [Portuguese] drivers which can 
explain Portuguese road accident figures.” (p. 1) (translation)
In fact, although disregard for traffic rules, speeding, and drinking and driving can 
account for a significant proportion of accidents, it is possible that they result mostly 
from the specific form assumed by the built environment and the approaches taken (or 
not) to urban road safety. Therefore, urban road safety has to be analysed in face of 
various factors (Figure 3.5) and the interests, resources and limitations of relevant 
professional groups involved have to be considered.
3.2.1 Road environment
It is important to explore briefly the landmarks in the history o f Portuguese cities, 
because the physical characteristics of the built up areas, as a result o f the rapid urban 
expansion and population growth, deeply influence the nature and quantity of accidents 
(Sections 2.1.2 and 2.1.3).
Most of the Portuguese cities were bom spontaneously from an enclosed nucleus in a 
location where self-defence was easier. This nucleus was extremely dense in terms of 
land occupation and its highways were quite irregular as it resulted from two forces of 
attraction and protection. The public buildings and open spaces found security behind a 
labyrinth of streets, through which the citizens, nevertheless, walked easily.
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Portuguese cities typically grew up in slow stages, usually around a castle and 
conforming closely to topography, changing slowly. Most of them kept a central quarter 
or core, surrounded by a series of irregular rings, which have the effect of enclosing and 
protecting the core. Highways converged upon the core forming radial-concentric 
systems; their geometry remained irregular though they became wider as they went 
further from the centre.
In the 18th Century plans carried out in two cities, Lisbon and Vila Real de Santo 
Antonio, are some of the few examples of the application of the baroque style in 
planning, which is distinguished by the use of straight lines and regular blocks and 
regular polygons. In the same way, the two main city models developed after the 
Industrial Revolution, the Garden City by Howard and the Cartesian City by Le 
Courbusier did not find a big expression in Portugal. Nevertheless, two concrete 
applications of the ideas of systematic cartesian planning were introduced in Olivais- 
Sult Lisbon and in Solum, Coimbra.
Associated with a big movement of people from the rural areas to Lisbon and then to 
other cities, the 1960s were marked by the beginning of rapid growth of the urban areas. 
Without a long-term plan, the city extension combined two methods: the horizontal, as 
rapid public transport allowed the increase of distance between homes and the place of 
work, and the vertical, as the new construction technologies and lifts encouraged high- 
rise developments. Indeed, the combination of these two methods o f expansion, 
horizontal and vertical, produced the maximum opportunities for profit and were seen as 
a symbol of modernity. However, they also brought, among other problems, vertical and 
isolated suburbs, inordinate increases of urban density, and an increase in the number of 
private motor cars and the associated congestion.
The rapid traffic growth profoundly changed the urban road environment, traffic and 
pedestrian circulation conditions. Urban roads have been constructed or adapted, by 
means of physical modification, to allow greater mobility and hence higher traffic 
speed. Urban roads have been widened often at the expense of footways, squeezing 
pedestrians into remaining space and often enlarging distances for the pedestrians to 
cross. Footways, whose existence is common in Portuguese urban areas, are often used 
for parking, forcing pedestrians to share the road with vehicles. Road building 
programmes have not always been followed by appropriate operational and maintenance
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efforts. Consequently, the built environment has become inherently dangerous both for 
vulnerable road users and for drivers, who face unexpected difficulties due to the lack of 
traffic control devices, such as signs and markings, and road engineering safety 
measures.
3.2.2 Institutional
Many different types of professionals and organisations are more or less implicitly 
responsible for urban road safety (Section 2.6). But to evaluate properly all the elements 
that can be involved in the methodology for systematic diagnosis of the urban road 
accident problem in Portugal, it is vital to consider the organisations directly responsible 
for urban road safety, namely the legislative authorities, financing and decision-making 
bodies.
Internationally, since Portugal is a Member State of the European Union, it is subject to 
its laws and recommendations. Until recently, road safety, at a national level, was in 
practice only addressed through temporary committees which were occasionally 
constituted after major road accidents. As a result, road safety work suffered from lack 
of ongoing co-ordination and continuity. From the mid 1990s, however, the Portuguese 
Government has been taking initiatives in order to address road safety issues in a more 
systematic way. These initiatives have included the creation of commissions, the re­
organisation of road safety divisions in existing organisations, the increase o f support 
for the development of studies and implementation of measures, and the promotion of 
seminars and short courses. The involvement of the central government is considered 
very important to ensure financial support and to provide sufficient co-ordination and 
management without which efforts to improve road safety will inevitably be 
fragmented, under-researched and ineffective.
In Portugal, an institutional framework defines the division of urban road safety 
responsibilities among different bodies.
The Portuguese Government is, as in many other countries, responsible for the traffic 
laws. The Highway Code has been recently revised (Portuguese Government, 1998a, 
2001) and stricter punishments for traffic law offenders have been incorporated. 
Oliveira (1998) is wary that the increase in the severity of the punishment, however fair,
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reinforces the attempt to explain road accident occurrence by placing most of the blame 
on human factors.
The speed limit in Portuguese urban areas is 50 km/h for motorcycles with more than 
50 cc, cars, buses, coaches and goods vehicles if  not towing a trailer. However, 
whenever traffic flows or road characteristics allow, this speed limit can be changed 
either temporarily or permanently (Portuguese Government, 2001, articles 28 and 29).
The existing legal framework does not yet support the implementation of speed
reducing road safety engineering measures, such as ramps, speed humps and chicanes
(Ribeiro, 1996). In the absence of any law, these measures can be seen as obstacles
introduced onto the highway by Local Authorities, thus making them liable for their
effects. Silva (2002) states:
“There have been legal actions taken by road users who have 
had their vehicles damaged on speed humps. However, because 
there is currently no legal framework related to the 
implementation of these measures, the judges’ decisions favour 
the road user.” (Translation)
The Direcgao Geral de Viacgao (DGV), which is a governmental body under the 
auspices of the Ministerio da Administragao Interna (MAI) , aims to conduct research, 
and promote and apply adequate measures in order to create conditions for the safe, 
orderly and expeditious movement of traffic on the national road system. DGV also 
deals with administrative issues concerning driver and vehicle licences. It assures the 
link and co-operation between many different organisations, and gives some economic 
support to Local Authorities wanting to implement road safety engineering measures 
(Portuguese Government, 1999a, 2000). Furthermore, DGV is responsible for the 
periodic (safety and environmental protection) vehicle inspection (Portuguese 
Government, 1998a, 2002a). The Observatdrio de Seguranga Rodoviaria (OSRP), 
which was created by Government notification (Portuguese Government, 1999a) under 
the auspices of DGV, is responsible for the national road accident database, and aims to 
conduct systematic research on road safety and to enlarge the number of road safety 
measures.
A National Road Safety Council - Conselho Nacional de Seguranga Rodoviaria 
(CNSR) - was formed by Government notification (Portuguese Government, 1997b),
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and consists of representatives from key agencies including DGV, Police, Education, 
Health and Emergency Services, Insurance Companies Association and the Local 
Authorities Association. Until 2002, it was the responsibility of CNSR to establish a 
yearly national safety programme - Plano Integrado de Seguranga Rodoviaria (PISER) 
- which included the definition of engineering, education / publicity, enforcement and 
research actions. In March 2003, CNSR adopted a national road safety plan -  Plano 
Nacional de Prevengao Rodoviaria (PNPR) (Ministerio da A dm inistrate Interna 
(MAI), 2003) -  with the overall aim of halving the annual number of deaths and serious 
injuries on Portuguese roads from the average for 1998-2000 by 2010. To meet this 
objective, it was recognised as necessary to decrease the number of deaths and serious 
injuries by around 60 per cent amongst: (1) pedestrians, (2) two wheeled motor 
vehicles, and (3) people involved in accidents inside urban areas. The PNPR describes 
the present situation with regards to safety in Portugal and sets out an initial action 
programme for the years 2003-2005, including education / training, campaigns, road 
engineering and enforcement measures.
Reviewing progress on PNPR one year after its adoption, Silva (2004) regrets that too 
few of the measures proposed in the initial three-year programme have been 
implemented. Silva {op. cit.) assumes a very critical position and considers that “ .. .there 
was lack of regulation and road safety audits were not carried out, no, or very little 
consideration was dedicated to hazardous locations, ... there was inertia in applying 
traffic calming measures, in particular inside urban areas, and absence of initiatives 
regarding preparation and training of technicians whose main function would have been 
to work in different areas o f the road system” (p. 34) (translation). Silva {op. cit.) 
believes that the work should start as soon as possible and requires stronger political 
determination.
In addition, the County Road Safety Commissions -  Comissoes Distritais de Seguranga 
Rodoviaria (CDSR) -  which were also created by Government notification (Portuguese 
Government, 1997a) include representatives of DGV, Police, Education, Health and 
Emergency Services but at a Distrital (County) level. Local Authorities can also be part 
of the CDSR. Each CDSR is responsible for the establishment of an annual activity plan 
for its Distrito (County), which is forwarded to the CNSR, through DGV.
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The Prevengao Rodoviaria Portuguesa (PRP) is a not-for-profit association established 
over thirty years ago. It has representatives in the CNSR and CDSRs and aims for the 
prevention of road accidents and to decrease the severity of their consequences. Its main 
activities include: to develop traffic safety education and publicity actions; to develop 
programmes in order to constantly add to the existing body of knowledge on safe traffic 
flow; and, to develop and assist in the development of training for personnel working in 
road safety through administration of courses and seminars.
The First National Conference in Road Safety in Urban Areas was held in Lisbon in 
May 2001. It was organised by PRP with the support of different organisations, 
including the Associagao de Projectistas de Vias e Pontes (APVP). The Conference was 
opened by Mr. Jorge Sampaio, the President of the Portuguese Republic, and brought 
together speakers from public and private sectors, and from Portugal and other 
European countries (England, Ireland and the Netherlands) to help to generate ideas for 
new strategies towards the improvement of urban road safety in Portugal. It highlighted 
the need to consider road users’ limitations when building or adapting the road 
infrastructures.
The Policia de Seguranga Publica (PSP) , which is also a governmental body under the 
Ministerio da Administragao Interna (MAI), liaises closely with CNSR and CDSR, 
carries out enforcement of traffic laws and reports road accidents in urban areas.
The road insurance industry in Portugal has been basically limited to a post-accident 
compensation oriented business, restricting its investment in urban road safety to a 
contribution of at least 0.23% (as stating in the law) of its fees to national organisations, 
such as Instituto das Estradas de Portugal (IEP) and PRP, for use in road safety 
initiatives (Portuguese Government, 1985, 1992), and recent participation both in the 
CNSR and CDSR.
Whilst the involvement of national or regional organisations is very important to ensure 
co-ordination between different sectors as well as financial and political support, the 
improvement of urban road safety will not be successful without the commitment of 
local agencies, in particular, Local Authorities. In fact this was publicly recognised in 
the Portuguese press (a broadsheet newspaper) (Figure 3.6) when an article discussed
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the need to increase Local Authorities’ participation in road safety issues. It is suggested 
that in order to improve road safety, besides publicity and education campaigns, Local 
Authorities need to have an active role, recommending the creation of a municipal road 
safety division. The article goes on to recommend the creation of an award in order to 
motivate Local Authorities to implement more and more effective road safety measures. 
This idea was taken up again in the First National Conference in Road Safety in Urban 
Areas (see above). So far, the award has not been created.
Governadores civis reunem-se em Setubal
Seguranga rodoviaria em debate
SENSEBILIZAQAO parece aer a 
palavra de ordem no oombate 
ace problemas e aridentes rodo- 
vitooe nos distritpe deJLjfihos,! 
Setfibjal e Santar&p. Esta foi 
urna das conchisdee da reuniao 
de ontem, onde oe governadoree 
dvis doa tree distritos ae junta- 
ram para diacutir a problemati- 
ca da seguranga rodoviaria 
Para al6m da dedsao de se 
realizarem campanhaa de Ben-
sibilizag&o com espedfiddades 
para cada distrito, desta reu­
niao resultou tamb&n a inten- 
gao de se promover a qualifica- 
gao de t&micos que actuam nas 
escolas fixas de tr&nsito. Estas 
sao "urn instrumento extrema- 
mente util na educagao dvica 
doe ddadaoe, sobretudo doejo- 
vens". No entanto, a simples 
existenda de escolas nao basta, 
6 necessdrio “anim&-las, dotd-
las de t&nicos com capaddade 
pedagdgica para chegar aos 
alunos".
- Outra medida resultante 
deste encontro reladona-se 
com a criagao porpajfe& ga 
 -■— de urn aervico muniO
necessidade deste servigo ] 
de-se com o facto de “60
n a ira  dere6ponaabfli(ladedo6
munidpios, nas estzadas muni- 
dpaisou nas locahdadee" con- 
chii
SvfldeSetubaL 
Acriacaodeum 
tritaLcuwvalorBer6 em 
estyeJeqdo,fmafonMenco^r
tradapara motavar as autax^ 
quias de crualquer um doe dis*
Source: Newspaper Publico (13* November 1998)
Figure 3.6 Newspaper article about the need to increase Portuguese Local 
Authorities’ role in the road safety efforts
Indeed, a study carried out in 2001 of 34 municipalities representative of communities 
between 50 000 and 600 000 people concluded that only a small proportion (5 out of 32, 
excluding the main municipalities: Lisbon and Porto) of Local Authorities have a 
separate traffic department or division (Table 3.3). Interestingly, the number of 
inhabitants and the geographical size do not seem related to the existence of this kind of 
structure.
88
The context of urban road safety in Portugal
Table 3.3 Traffic departments and divisions in a sample of Portuguese 
municipalities
N. of Staff
Municipio Population Freguesias* Area(Km2) Department Division Other Technical Other
Lisboa 564 657 53 84 V X x
Porto 263 131 15 42 V X X
Almada 160 826 11 70 X < X
Valpacos 21490 31 548 X X V
Beja 31 820
22 420
Albufeira 23 020
23 520
Mirandela 23 810
Tavira 24 350
Portalegre 24 420
Sesimbra 30 140
Esposende 32 240
Agueda 45 320
15
20
98
Bragan9a 32 500 49 1 138 X X
Espinho 36 340 5 23 |
Guarda 38 600 56 709 X V X
Chaves 40 250 50 600 X X
P. de Lima 44 590 51 321 X X V
Caldas da R. 44 710 16 253 X X V
336 X X V
Vila Verde 46 090 58 221 X X
Vila Real 46 750 30 370 X
Palmela 48 910 462 X
Covilha 50 780 31 549 X
Pombal 51 490 17 640
Faro 51 790 6 202
Ovar 53 000 8 159
Felgueiras 53 462 32 113
Evora 53 790 19 1 308
C. Branco 54 250 25 1 440
Santarem 60 060 28 558
F. da Foz 62 460 18 354
V. Castelo 84 940 40 316
Viseu 85 960 34 508
Source: Divisao de Trdnsito e Transposes, Camara Municipal de Vila Real (2001) 
Key: * Portuguese administrative division corresponding with “Borough”
Local Authorities have almost all the responsibility for traffic and parking issues in 
urban areas, apart from public transport operation, which is the responsibility of 
Direcgao Geral dos Transposes Terrestres (DGTT). However, fewer than 10% of the 
308 Local Authorities have a transport division or department, and of those that do only 
a few have experience in the area o f road safety. Therefore, their work has been limited
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to manufacturing (or purchasing) traffic signs or signals, decisions on where to prohibit 
parking and loading / unloading, and road maintenance. In the last few decades, some 
Local Authorities have been developing parking and circulation studies, which 
generally pursued traffic mobility and speed, regardless of negative safety and social 
consequences (Section 3.2.1). In addition, they have typically relied on PSP (out of their 
institutional power) to enforce traffic behaviour. As a consequence, no Local Authority 
maintains a road accident database of its roads or has systematically adopted any sort of 
policy towards traffic safety; nor do Local Authorities employ full time staff solely 
responsible for road safety.
In summary, road safety has not yet been assumed by Local Authorities as their 
responsibility. However, it seems that their interest in road safety issues has been 
increasing gradually in the last few years. Around 150 technical staff, from Local 
Authorities and other local organisations, attended a short course in urban road safety - 
Curso de Seguranga e Gestao Viaria Urbana, promoted by PRP, in 1999 and 2000.
Undeniably, the institutional environment deeply affects urban road safety and traffic 
circulation, because the nature of the decision-making process and the corresponding 
policy might favour different means of transportation (private or public and motorised 
or non-motorised), certain classes of road users (vulnerable road users, automobile users 
or public transport users) and different types of life style (dependent or not on private 
cars). In this way the political and social consciousness about who has the right to 
occupy road space might be deeply influenced. This justifies further discussion of two 
current Portuguese policies: parking policy and public consultation.
Parking is becoming a political issue in many cities. In Portuguese urban areas, parking 
has been (and still is in many cases) chaotic and it has not been very regulated. 
However, Local Authorities are giving it increasing attention, and implementing parking 
bays and parking meters together with large investments in underground car parks. 
Although irrationally parked cars can be involved in many accidents, either directly or 
indirectly by hiding pedestrians, in particular children, this does not seem to be the 
justification for recent parking strategies. A more plausible explanation o f the fact that 
the parking problem is probably perceived as a bigger one than the safety one, is that it 
affects all road users all the time; whereas the safety problem is hidden from people 
who do not happen to be involved in a road accident. Also, parking makes it more
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difficult to walk and may create congestion. Furthermore, implementing a parking 
strategy is very high-profile, and hence can have political attractions.
Community participation, in the form of public involvement in collective activities 
aimed at improving urban road safety (Sections 2.2.7 and 2.3), such as public 
consultation is still an exceptional practice. Possible explanations are the fact that 
political consciousness about rights and duties is weaker than in some northern 
European countries, lack of experience and a certain degree of paternalism. Finally, 
there is a realistic fear of consultation being expensive and time consuming.
3.2.3 Technical
The current urban road safety situation is also associated with the lack of a systematic 
technical approach to the problem.
The Portuguese urban road network has essentially evolved haphazardly rather than 
being planned (Section 3.2.1), due to the rapid urbanisation process, combined with a 
rapid increased in the number of motorised vehicles, in particular cars. The view that the 
private car is by far the most efficient in optimising urban road network performance 
given its flexibility, together with the insufficient public transport supply and 
infrastructures, led urban and transportation planners to make car-oriented decisions. 
Hence, the main options have been: road network and road capacity expansion, together 
with traffic flow attempted by traffic management techniques, in particular one-way 
streets and signal co-ordination.
As there are no standard designs for urban roads, technical staff can use the national 
guidelines for roads outside urban areas for some assistance (Junta Autonoma das 
Estradas (JAE), 1990a, b, 1994, 1995). However, typical urban issues, such as shopping 
areas, non-motorized traffic and people with reduced mobility, are not given special 
attention. Existing references for urban planners (Pardal et a l, 1991; Campos, 1993) can 
also be used by urban traffic engineers as support for their decisions.
Urban road building and adaptation has been the main concern, but technical 
approaches have not considered road safety issues as a priority when planning, 
designing, constructing and maintaining the road network. Road safety audits (Section
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2.1.2) are not yet a common practice in new urban highway schemes. Also, in the same 
way that Portuguese Local Authorities do not have statutory responsibility for road 
safety and do not address the problem systematically (Section 3.2.2), technicians are 
not, in practice, liable for road safety consequences of their schemes. Moreover, urban 
and transport planners have not been prepared to think that both the characteristics of 
the road environment and the way the traffic is distributed have direct effect on the 
nature of traffic conflicts and hence on road accidents. Knowledge about the safety of 
different types of street design and layout is virtually non-existent. But with the support 
of recent political measures (Section 3.2.2), road safety awareness is slowly gaining 
acceptance in the engineering sector.
In addition to design deficiencies, inadequacy and lack of road signs and marking 
further aggravate the problem.
3.2.4 Enforcement and education
Current approaches to enforcement and education also contribute to the continuing high 
road accident figures (Sections 2.1.2, 2.1.5, and 2.2). Enforcement of traffic laws in 
urban areas is a responsibility of PSP (Section 3.2.2). The enforcement strategy has 
been focused on maintaining traffic flow and targeting parked vehicles offences, partly 
due to the prevalent car-oriented culture and to the lack of resources, such us qualified 
personnel and vehicles. Besides, judicial procedures can be lengthy and slow moving, 
leading to the feeling of impunity, and hence to poor road user behaviour with severe 
consequences for road safety (Oliveira, 1998).
Along with deficiencies in the enforcement of traffic rules, there has been insufficient 
education. The Portuguese school system has never included traffic education as a 
compulsory item of the curriculum, although there may be isolated initiatives within 
some schools. Consequently, most children learn how to deal with traffic only whilst 
using streets and by observing adults, who may themselves ignore or misunderstand 
formal traffic laws and engage in risky behaviour.
Some Local Authorities have supported the implementation of Escolas de Transito. 
They are small scale reproductions of the road environment where children can play the 
role of pedestrian, passenger and driver under the supervision of trained tutors. No
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studies reporting the effectiveness of the Escolas de Transito were available for this 
study.
National and Local Authorities, including PRP (Section 3.2.2), have occasionally 
promoted training in practical skills, in the form of short courses and publicity. Driver 
training is provided according to the law and re-education of persistent traffic offenders 
has recently been made possible by a decision of Government (Portuguese Government, 
2002b).
3.2.5 Cultural and social
The cultural and social factors, which in this context are shown up in the mobility, land
use and safety policy priorities, are deeply related. This section reviews the cultural and
social issues that have led to the already described road environment, institutional,
technical, and enforcement / educational context for urban road safety.
The prevalent culture towards urban roads and road accidents in Portugal has been:
1. Road transport infrastructure has been planned in order to benefit the use of 
private cars, which in turn has led to demand for yet more infrastructure; 
hence, the urban environment has become dangerous, for both vulnerable road 
users and drivers;
2. Road accidents have been seen either as “an inevitable cost of development” 
or the consequence of irresponsible individual road user behaviour. Road 
accidents have not yet been seen as a consequence of human activities and 
options inside a particular built-up environment, so that road engineering 
safety measures to decrease their number and minimise their consequences 
have not been applied systematically;
3. There have been clear differences in the priorities, both given and assumed by 
people in society, to the use of space by different road users. For example, 
drivers often think that they have the priority both in occupying the circulation 
space and in parking on footways, whereas pedestrians often accept denial of 
priority in occupying the space even when the law gives priority to them;
4. Only recently has the crucial role of Local Authorities and expertise on their 
part been recognised as key elements in achieving the implementation of 
effective economical urban road safety measures. This role has not yet been 
taken on board; and
5. Due to recent political and educational measures, the urban road accident 
problem is now slowly becoming a more generally recognised social concern.
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The current social awareness of urban road safety in Portugal is not very different from 
that in other countries, such as England, Holland, Denmark and France, a few decades 
ago. Therefore, however lengthy the transformation of the current situation might be, it 
will certainly benefit from examining foreign experiences and cross-cultural learning 
(Sections 2.1.5, 2.2 and 2.3).
3.3 TECHNICAL ASPECTS OF URBAN ROAD SAFETY ENGINEERING
Traffic engineers cannot produce solely out of their professional skills the necessary 
conditions for building and rebuilding adequate urban road environments in order to 
improve the road safety situation in Portugal. However, their own conscious re­
orientation on these matters is a necessary part of a wider transformation in which many 
other groups, both professionals and institutions, must in the end participate. Santos 
(2001a) believes that otherwise the improvement of the serious road safety situation in 
Portugal will not be possible.
In the light o f Section 2.6, an effective short-term way of improving urban road safety is 
by supporting Local Authorities in identifying their urban road accident problems and 
implementing road safety engineering measures. In order to avoid wasting resources and 
time either “reinventing the wheel” or repeating past failures, it is essential to learn from 
each other’s work and extend the application of successful approaches. This section 
therefore outlines accumulated Portuguese urban road safety knowledge. Urban road 
safety research studies and guidelines are the focus of Section 3.3.1. Section 3.3.2 
describes the urban road safety data collection and analysis’ systems; and Section 3.3.3 
reviews urban road classification and the functional hierarchy.
3.3.1 Urban road safety studies
Although road safety research has been carried out in Portugal for more that two 
decades few studies have focussed on urban road safety. The first steps taken towards a 
scientific approach to urban road safety can be considered to be the organisation of the 
national accident database (Menezes and Castilho, 1980), which is currently maintained 
by DGV (Section 3.3.2).
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Rapid urban growth was leading to an inherently dangerous road system characterised 
by a complex pattern of traffic conflicts (Section 3.2.1), for which urban traffic 
engineers did not have solutions. Aiming to provide general practical advice, some 
books were written, dealing with dimensions and capacity o f different types of urban 
roads, intersections, lighting, urban furniture and pedestrian crossings (Oliveira and 
Mateus, 1970; Gon9 alves and Oliveira, 1974).
In the 1970s and 1980s, traffic management projects were carried out in almost all 
Portuguese cities aiming mainly to improve the level of service and the environment, 
with the secondary objective of reducing traffic accidents (Castilho et a l , 1983). In 
these periods, the provision of high-capacity facilities and free-flowing streets were 
primary objectives. For example in 1975, the Portuguese central government set up a 
regional study group which formulated a traffic management policy for Oporto city. 
The traffic plan consisted of defining an overall policy concept for traffic management 
in Oporto and implementing a set of pilot actions. The main effect of these actions (a 
ring road around the centre, measures to control traffic in the centre and on the main 
radial roads leading into the centre) was to reduce congestion around critical junctions 
and therefore increase vehicle speeds (Bovy et al., 1979).
Realising that, amongst the nineteen countries that are members of the European 
Council of Ministers of Transport (ECMT), Portugal had the highest number of 
pedestrians dying in road accidents per million population and that sixty per cent of 
these accidents happened in urban areas, Marques (1994) wrote a manual illustrating 
some road safety engineering techniques available in other countries to give safer and 
more pleasant conditions for children, the elderly and people with reduced mobility. 
This manual, which was intended to be distributed to Local Authorities, summarises 
technical and dimensional aspects o f concepts applied to pedestrian facilities (such as 
crossings, with and without signal control; pedestrian refuges; and traffic islands), some 
traffic calming measures, road marking and vertical signs.
Ribeiro (1996) developed a study focused on evaluating the efficacy of rumble strips, 
both in speed reduction and in improving vehicles’ priority compliance. This research 
project aimed to:
“analyse the possibility of applying [traffic calming measures]
in the current Portuguese legal and administrative circumstances
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and to test in practice the application of one of those measures in 
Portugal...” (p. 1)
The study is divided into three parts. The first part explains the traffic calming concept 
based on the Dutch, Danish, British and Austrian experiences, and it continues with a 
review of the state-of-the-art of the implementation of traffic calming measures in 
Portugal. It identifies three typical elements of Portuguese urban areas - residential 
areas, city centres and roads for through traffic - which could benefit from the 
implementation of traffic calming measures, demonstrates the lack of a legal and 
organisational structure to support their implementation, and finally proposes a base for 
statutory provisions which would facilitate their systematic use.
The second part describes traffic calming features, such as horizontal and vertical 
deflections, entry treatments and junction modifications, as applied in other countries.
In the last part, the efficacy of rumble strips on the approaches to pedestrian crossings is 
assessed through the development of a case study in Coimbra City. This study aimed to 
analyse whether rumble strips were reducing traffic speed and increasing the respect for 
priority at pedestrian crossings. The results led Ribeiro to infer that they were not 
actually as effective in this respect as could be wished.
Costa (1996, 1997) described some urban road safety schemes developed in Britain and 
how they were successfully adapted to the rather different Japanese road and cultural 
environments. It was suggested that those examples were indications of their plausible 
possible adaptation to the Portuguese context, which, although presenting many 
dissimilarities from the northern Europeans countries, is in other aspects much closer to 
them than is Japanese society.
Silva (1997) has recognised that, although roundabouts have often been used in 
Portugal, there are no comprehensive geometric design and capacity guidelines 
validated for Portuguese traffic conditions. Hence, technical staff follow manuals 
developed in other countries, creating the obvious danger of inadequate solutions being 
developed and applied. Silva carried out a research study aiming both to contribute to 
the development of improved geometric criteria and to evaluate the applicability in 
Portugal of roundabout capacity prediction models developed in other countries.
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Rodrigues (1997) carried out a study of road safety in Coimbra City. This aimed to 
identify junctions with high incidences of road accidents, in order to recognise common 
factors that are likely to be susceptible to treatment at relatively low cost, and to propose 
site-specific measures. The study included the implementation and evaluation, using the 
traffic conflicts technique for determining risk, of the proposed measures at one of the 
selected sites. The approach taken led to the identification of sites with localised 
features, namely junctions without traffic lights, along routes with common accident 
characteristics or in neighbouring areas. Rodrigues believes that the study led to the 
conclusion that:
“a relatively small change in urban junction layout and 
associated environment might contribute to effective reductions 
in road accidents.” (page 115) (translation)
Other studies dealing with Portuguese urban road safety were: pedestrian crossing 
analyses for safety (Costa et al., 1996; Mar9 al, 1999), proposal for road safety audit 
procedures (Bairrao, 1999), analysis of accidents costs (Bernardo, 1993), analyses using 
the Swedish traffic conflict technique (Costa, 1991; Cardoso, 1992) and on site road 
safety analysis by a multidisciplinary team (Horta et a l , 1992).
In 1999, Macedo noted that:
“the improvement of road safety still stands as a major concern 
o f various bodies, especially road administrations and 
governments. It is seen as an extremely important and sensitive 
matter ... in most countries, and in particular in Portugal, where 
high accidents rates and casualties are still reported.” (page VII)
Macedo developed a research programme which, if  it is carried out, aims to support the 
development and implementation of road safety management systems, with special 
reference to Portugal, in order to fill existing gaps. This research programme is 
presented in two parts. The first includes a characterisation of the road accident 
problems, followed by a state-of-the-art description of road safety engineering and road 
safety management systems. This first part is heavily based on the description of 
methodologies described in OECD and US Federal Highway Administration (FHWA) 
publications. It also mentions the road safety research carried out at Laboratorio 
Nacional de Engenharia Civil (LNEC). The second part describes proposals for three 
research projects: the study o f a road safety management system, the development of
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road safety models, and the development of an advanced system for diagnosis of road 
safety problems supported by a Geographic Information System (GIS).
The first proposed project, “Study of a road safety management system”, would aim 
mainly to create the basis for the structures and development of road safety management 
systems and their integration into the Portuguese context, through a multidisciplinary 
and inter-institutional four year research project.
The second proposed project, “Development of road safety models”, would aim to 
develop mathematical models for predicting the temporal evolution of road accidents 
and their consequences. This project, which would last for two and a half years, would 
be integrated with the first project in its latter stages. It would support decisions about 
using the road safety management system.
Finally, the third proposed project, “Advanced system for diagnosis o f road safety 
problems supported by a GIS”, would aim to develop such a system using tools such as 
a GIS and an expert system. This three year research project would also then be 
integrated with the first project.
The proposed research programme, if carried out, would be extremely useful by 
providing models and theories in order to study, explain and predict road safety 
problems in Portugal, including those in urban areas. Consequently, it would assist 
practical road safety work by helping researchers and national policy-makers to set out 
road safety plans, set realistic targets and give guidance to Local Authorities. However, 
it cannot be expected that Portuguese Local Authorities in general, which are only now 
taking the first steps on road safety issues and have had neither human nor material and 
economic resources allocated to road safety programmes, would be able to use this tool 
within the next few years. The proposed research programme would indeed be very 
useful to Local Authorities in due course; but in the short term they need tools for their 
own use, which have been developed having regard to their lack o f experience and 
scarce human and financial resources.
Ferreira (2003) analysed the road safety situation in Oporto city following a method of 
identifying high-risk sites based upon accident totals. Although Ferreira’s study was
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made available when this thesis was nearly finished, it is relevant to the subject of this 
work and makes an effective contribution to the related body of knowledge.
In Portugal, there are no studies that relate the reported urban road casualty rate per 
head of population with size of the cities, type of urban area, class of roads, or traffic or 
land use. An important consequence of this is that road safety issues have not been 
taken into consideration in practice in the urban transport planning process.
3.3.2 Urban road accident data collection and analysis
Urban road accident information was identified (Section 2.5) as a key requirement in 
order to develop road accident analysis leading to the diagnosis of urban road safety 
problems, and identification of safety objectives and corresponding measures.
In Portugal, as in many other countries, the most important source of road accident data 
is the police report forms (Reis, 1993). PSP (Section 3.2.2) has been given statutory 
responsibility to deal with urban road accidents. Police officers are required to collect 
data about injury accidents. They are also strongly advised to collect the same data from 
damage accidents (Portuguese Government, 1988), by filling in two forms: 
Participagao de Acidente de Viagao (PAV) and Boletim Estatistico de Acidente Viario 
(BEAV). Depending on the kind of accident, they might also collect other kinds of 
information such as tachometer readings (Santos, 1998).
BEAV is a multiple choice form with six parts (A to F): A - identification of the 
accident, including date and time, location, severity and number of vehicles involved; B 
-  external circumstances, including road category and type, traffic characteristics, 
pavement, traffic lights, light / visibility conditions, and weather; C - type of accident, 
including run-off the road, collision, and run into or over pedestrians; D -  vehicles 
involved, including vehicle type and age, private / public, periodic technical inspection, 
load, tyres, speed limitation system, tachometer, and ABS system ; E -  drivers involved 
in the accident, including sex and date of birth, driving licence category, manoeuvre 
types, alcohol test; potential causes of the accident, and safety features (helmet and seat­
belt use and airbag availability); F -  consequences of the accident, including 
information on injured drivers, injured passengers, and injured pedestrians.
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The new version of the BEAV, adopted in October 1998, allows a more up-to-date and 
comprehensive identification of, for example, types of vehicles, drivers’ manoeuvres 
and type of accident. On the other hand, it does not explicitly require, as its predecessor 
did, the introduction of the exact location of the accident within the road. In the course 
of this work no written reference was found to the standards of reporting of the exact 
location of road accidents in Portugal, including inside urban areas. However, private 
communications with Portuguese researchers led to strong suspicion that the standard 
was low, even when the BEAV explicitly required the road number. There were also 
reasons to believe that the street addresses, even when the BEAV is filled in by police 
officers, have not systematically been copied into the national database either before or 
after 1998, when the new BEAV was first adopted. Confirmation of whether urban road 
accident location data are often missing, wrong or inaccurate is left to emerge from the 
case study described in Chapter 6 (Section 7.3.3).
The existence of a BEAV for damage accidents is discretionary and kept in the police 
stations. Traditionally, a compulsory copy of the BEAV of injury accidents is forwarded 
to the police administration and centralised at DGV, which maintains the national 
database (Section 3.2.2). Since late 2000, however, police stations have started entering 
these data into computer files and forwarding them to DGV.
PAV are often filled in provisionally, just after the injury or damage accident, and then 
enhanced with more details at the police stations. Also, PAV of injury accidents are then 
typewritten. This form, which has confidential information, such as the identification of 
drivers involved in the accidents, has specific fields where police officers can also 
describe general information about the accident, road environment, other road users 
involved in the accident, vehicle data, and accident and manoeuvre types. Data in this 
form are sometimes less accurate than BEAV records for two main reasons. Firstly, 
PAV structure requires good technical preparation and strong motivation for road 
accident data collection by the police officers, since it does not provide multiple choice 
or mutually exclusive answers; and secondly, its main aim has been collecting data for 
legal procedures, for which PAV are provided when requested, and not for road 
accident analysis. Although potentially less comprehensive than the BEAV in terms of 
description of road and accident types, vehicles and drivers involved in the accident, 
and consequences of the accident, it has a sketch of the accident, which allows the
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identification or correction of the road accident location. PAV does not have to be sent 
to DGV and there are no electronic files.
In practice, the road accident data required, even when available, is seldom in the 
format that could be readily handled, especially when there is a need to correlate 
different datasets. Road accident datasets (although with limitations) are already in the 
national database, but in a separate self-contained unit which does not always allow 
these to be related with other key information. The need to control and structure the data 
from different sources and to provide the users with rapid interactive retrieval became 
apparent few years ago (Graga, 1998).
The role of historical and current road accident and exposure data, which are scarce, 
costly and irreplaceable, is central to road accident remedial work (Sections 2.3, 2.4, 
2.5). In Portugal there seems to be considerable scope for adoption of database 
management systems to provide access to locationally-referenced information, 
including accident details, traffic surveys, road and road environment characteristics, 
road improvement data to be used for road accident analysis and monitoring and 
appraise road safety schemes.
A virtual database (RAIR) has been developed which would allow the linking of road 
accident data with other kinds of data - such as data concerning vehicles, drivers, traffic, 
road layouts, safety indicators, transport services, transportation companies and car 
owners - belonging to different organisations (Section 3.2.2). However, despite the 
advantage of such linking, which would permit secure remote access to data, it has 
never been used in practice (Graga, 1998).
Perhaps the greatest obstacles to overcome to ensure that data and databases: (1) keep 
pace with both user requirements and future technological advances, such as the 
digitalisation of urban road network; and (2) once developed or improved are actually 
made available for potential users, are the lack of political commitment, legal bases for 
road safety activity, and organisational co-operation (Sections 3.2).
Some organisations have carried out road accident data analysis on a regular basis. 
DGV, which has been participating in the European projects CARE and CAREPLUS
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(Bandeira, 1998; Bento, 1998), sends data and has access to the EU central database 
(IRTAD). In fact, DGV provides a series of national road injury accident data analyses 
-  road accident figures and rates - through the OSR reports. It also provides road safety 
comparisons between Portugal and other European countries, taking into account the 
difference in definitions. CDSRs have carried out limited road accident analysis at 
Distrito (County) level and some road safety comparisons between cities in the same 
Distrito. Local Authorities, which do not hold any accident database, have typically not 
carried out any road accident analysis. A few universities and research institutions have 
had access to disaggregate road accident data files and have developed studies and 
research projects (Section 3.3.1). Two cities, Porto and Coimbra, have been analysed in 
order to identify their hazardous locations using Geographic Information Systems 
(Marrana, 1996; Carvalheira and Santos, 2001).
Around 160 Local Authorities have installed or are installing a GIS for managing urban 
infrastructures, which could, in the future, support urban road safety projects 
(Portuguese Government, 1994). Consideration could be given to the use of such 
systems to help in the identification and analysis of specific areas, routes and high-risk 
locations (Sections 2.3 and 2.4). Immediate access to accurate, up-to-date information 
would enable users to examine feasible options quickly and would provide for the 
development of cost-effective solutions in road safety improvement programmes.
3.3.3 Urban road classification and functional hierarchy
Roads in urban areas can have statutory definitions. The status and classification of a 
highway is important as it shows who owns it, who is responsible for maintaining it, and 
who has powers to control the adjacent development.
Portugal has defined roads in urban areas in a legal and administrative context which is 
based on its own legal systems. The statutory classification and corresponding lengths 
of road according to their status as traffic routes for Portugal is set in Table 3.4.
Redes Municipais are owned and maintained by Local Authorities, whist the national 
roads belong to Instituto das Estradas de Portugal (IEP). IEP has some o f its roads, in 
particular motorways, under concession to other organisations which are responsible for 
their maintenance.
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Table 3.4 Classification of roads in Portugal
TYPES OF ROAD Km
Estradas da Rede Nacional
Itinerdrios Principals 
(Main national network) (2 536 Km) 11 478(National road network) Itinerdrios Complementares 
(Supplementary national network) (8 942 Km)
Redes Regionais (Regional 
network)
Estradas Regionais 
(Regional roads) 5 029
Redes Municipais (Local
Estradas Municipais 
(Local roads) (17 OOO^Km) 36 000networks) Caminhos Municipais 
(Local ways) (19 000*’Km)
Sources: (Portuguese Government, 1998b; Santos, 2000)(translation) 
a) (Santos, 2001b)
This research project deals mainly with urban roads under the auspices of Local 
Authorities, in other words it hopes to be a useful tool to help to improve safety on 
urban roads that belong to Redes Municipais.
Roads in urban areas perform different functions, which are independent of their 
statutory definition and administrative categorisation, as a result of activities happening 
both in and outside the city (Section 2.1.3). These functions are mainly environmental 
(i.e. living space and urban surroundings), access, local traffic and through traffic, 
which include those of providing passage for moving vehicles and pedestrians. The 
importance of identifying the functional hierarchy roads has been acknowledged in 
Portugal for a long time, both for urban planning and traffic management.
Considering Portuguese urban areas in general, several documents have proposed an 
urban road hierarchy based on foreign experience. Oliveira and Mateus (1970) 
identified two types of urban road network, each of them split into different levels: 
primary network (urban motorway, urban express road and main distributors) and 
secondary network (district distributors, local distributors and access roads). Farinha 
(1982) adopted three levels in the functional road hierarchy: urban express road, main 
roads and residential streets (access streets and distributor streets). Later Marques 
(1994) identified five levels in the urban road hierarchy: motorways, urban express 
roads, main distributors, local distributors, and access roads. Finally, Figueira (1999) 
and Seco et al. (2001) suggested four levels: through traffic and inter-urban traffic 
highways, main roads, distributors and access roads.
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To a certain extent, the functional road hierarchy concept has also been applied in 
practice by Local Authorities, within the Plano Director Municipal. The Pianos 
Municipais, developed in the 1980s and including Pianos Directores Municipais (PDM) 
(Portuguese Government, 1990), aim to set out the Local Authorities’ policies on land 
use and transportation planning, besides providing a regulatory framework to safeguard 
and improve the environment of each Concelho. They usually outline the most 
important roads in the Concelho, which in most cases have urban and non-urban areas. 
The functional road hierarchy has not been identified in detail particularly inside urban 
areas.
In the context of Rodrigues (1997) study (Section 3.3.1), the functional road hierarchy 
concept is used in the City of Coimbra. Other Portuguese cities, such as Leiria, Viseu 
and Vila Pouca de Aguiar have had their functional road hierarchy analysed within 
traffic studies aiming to reduce congestion or protect certain areas, like historic zones 
and residential areas (Seco et al., 2001). These studies dealt indirectly with road safety 
and environmental protection.
In conclusion, the functional urban road hierarchy concept has mostly been used by 
researchers and consultants in academic projects and when developing studies for Local 
Authorities.
3.4 CHOICE OF THE URBAN SAFETY MANAGEMENT APPROACH
In the light of previous analyses, if  road accidents and casualties in Portuguese urban 
areas are to be reduced, Local Authorities need to be helped and encouraged to take 
their road safety responsibilities seriously and to implement highway improvements and 
traffic management schemes. Whilst this does require support at the political level, a 
change is suggested in the methodological approach (accidents are in part a result of the 
built environment under the auspices of Local Authorities) (Sections 3.2.1 and 3.2.2) 
and systematic educational, training, publicity and enforcement actions are required 
(Sections 3.2.4 and 3.2.5). An important gap can also be filled in the engineering field 
(Sections 3.2.3 and 3.3) by the development of a tool which Portuguese Local
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Authorities can adopt to diagnose accident occurrence and to support the 
implementation of urban road safety engineering measures.
An additional requirement arises from the conditions that are likely to prevail when the 
tool capable of adequately diagnosing road and traffic accidents in urban areas starts to 
be used in practice. As this work deals with a serious current problem, it aims to 
develop a methodology that allows immediate good use of the limited human and 
financial resources allocated to road safety work. In other words, it refrains from using 
techniques, such as expert systems, that would require personnel expertise and material 
resources that are out of line with the current Portuguese reality (Section 2.4).
It has been recognised that political support is key for practical implementation o f road 
safety actions (including road safety engineering, education, publicity, training and 
enforcement). This would lead to an increase of road users’ level of awareness towards 
road safety issues and contributes to enhancing their behaviour (Sections 2.1.2 and 3.2). 
It has also been established that, as in other countries (Sections 2.1.5 and 2.3), cities in 
Portugal should pursue both road safety engineering (RSE) and education, training and 
publicity actions (ETP), and the government should enforce standards of vehicle 
condition to complement locally the EU-wide regulation of vehicle design and 
equipment. However, and regardless o f the considerable debate in the literature about 
the effectiveness and success of RSE, particularly of the high-risk site treatments 
(Sections 2.1.1, 2.1.3, 2.2.2 and 2.3), within the time available, this study concentrates 
on the contribution of road safety engineering schemes (Section 2.1.2).
This study does not claim that any of the possible methods and research techniques for 
diagnosis o f urban road accidents is unconditionally superior to the others; however, it 
adopts the urban safety management (USM) approach as the main platform on which 
the new framework is to be built (Section 2.3 and Chapter 4). The main reasons for this 
choice is that USM:
a) tackles scattered accidents as well as clustered ones in both residential and 
busier areas. Since accidents involving the more vulnerable road users tend less 
to cluster at particular sites, USM creates opportunities to consider equitable 
solutions (Sections 2.2.7 and 2.3);
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b) encourages “authorities in urban areas with large number of high-risk sites”, as 
the Portuguese Local Authorities probably are, to carry on “programmes with a 
large proportion of single site action” (Institution of Highways and 
Transportation (IHT), 1990a, p. 15). This might be an important short-term 
solution for dealing with the worst hazardous locations and decrease the number 
of accidents quickly (Sections 2.1.2, 2.2.2 and 2.3);
c) defines and establishes the “ideal” functional road hierarchy for each urban area, 
and gradually modifies road environment by promoting homogeneous and 
consistent design principles that facilitate the tasks faced by road users. It also 
takes into account limitations of different road users, by guiding them to a more 
appropriate subjective road characterisation and, therefore, more appropriate 
road user behaviour (Sections 2.1.3 and 2.3);
d) supports the involvement of different groups, both professionals and local 
community, which might create opportunities to mobilise other local resources 
in addition to the ones directly allocated to urban road safety. For instance, they 
can be found within other urban strategies. This is particularly relevant to 
Portugal, where in practice urban road safety has not yet been a top priority 
(Section 3.2.2); and
e) has mechanisms to guard against creating or promoting other unintended urban 
problems, such as pollution, noise and congestion when solving accident and 
casualty problems. Also, being a participatory approach, through which local 
people and organisations are brought to a new understanding of their situation 
and are assisted to acquire skills to consider future programmes and to mobilise 
resources, USM has the potential to deliver lasting solutions (Section 2.2.7).
However, the literature does recognise that USM requires the analysis of the whole city, 
the definition of partnerships between various professionals and the participation of 
local communities and it can, therefore, be more costly, slower to implement, and rather 
complex. In spite of these findings, the institutional environment, in particular at 
European level (Organisation for Economic Co-operation and Development (OECD), 
1990a; European Commission DG VII, 2000; Commission of the European 
Communities (CEC), 2003), is currently supporting the development of USM strategies 
as a means of tackling urban road safety problems. Hence, although practical 
implementations of USM strategies have not yet been extensively reported in the 
literature, within the context o f the current European policies, it appears likely that
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increasing support will be given to this approach. Therefore, it is considered justifiable 
to investigate the potential of this approach in the Portuguese urban context, recognising 
that in the early years of its application, large proportions of the road safety engineering 
schemes identified and given priority under USM will comprise treatment of high-risk 
sites.
Finally, it was checked whether:
1. the urban road safety management approach could institutionally and legally 
be applied in Portugal; and
2. the road safety measures used in this approach were suitable for the 
Portuguese urban road environment.
As viewed in this chapter, there are no institutional, legal and physical barriers for the 
development of urban road safety management programmes in Portugal, although 
communication channels for this purpose between professional groups within the Local 
Authorities and other organisations have not yet been created. There is as yet no legal 
framework concerning the implementation of some particular road safety engineering 
measures. The EU DUMAS project (Section 2.3) has come to similar conclusions for 
countries, such as Italy and Greece, where the urban road safety context is somewhat 
similar to that in Portugal (Section 2.1.5).
Like the treatment of high-risk sites (Section 2.2.2), the Woonerven and 
Verkehrsberuhigung approaches (Sections 2.2.4 and 2.2.5) are not essentially alternative 
approaches to USM, but rather particular techniques that can be used in appropriate 
ways by the road safety engineer to contribute to implementation of USM, just as can 
the segregation of traffic and traffic restraint (Sections 2.2.1, 2.2.3, and 2.2.6). 
Moreover, the principles of sustainable safety (Section 2.2.7) can be used to guide the 
implementation of USM. By choosing the USM approach it is therefore effectively 
possible to include when appropriate the use of all these other approaches.
3.5 CONCLUSIONS
This chapter has discussed the characteristics of the current Portuguese urban road 
safety situation in order to inform the choice of platform to contribute to its 
improvement. The review has shown that Local Authorities could benefit from a tool to
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help them to understand the pattern of their problems and support the implementation of 
urban road safety engineering measures. Urban safety management has been adopted as 
a main platform upon which this study will seek to build a proposed new framework to 
be considered for adoption by Portuguese Local Authorities.
The next chapter describes the urban safety management approach in more detail than 
Section 2.3, highlighting aspects that are important for developing the methodology, to 
be described in Chapter 5 and that is proposed to be applied in the current Portuguese 
situation.
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4 URBAN ROAD SAFETY MANAGEMENT
Chapter 2 considered approaches to urban road safety used in Britain and other 
countries. Chapter 3 examined their applicability to Portuguese urban conditions and 
availability of information, and on this basis drew the conclusion that urban safety 
management (USM) should be selected for this study. Before developing a 
methodology applicable to the Portuguese context, it is important to place the 
systematic diagnosis of accident occurrence in urban areas that supports the 
implementation of road safety engineering measures correctly in the wider context of 
USM.
This chapter, therefore, provides an overview of the stages in USM: diagnosis of road 
safety problems (Section 4.2), selection and implementation of road safety engineering 
measures (Section 4.3) and monitoring and evaluation of the effects of the implemented 
measures (Section 4.4). Section 4.5 describes some of the wider implications of area 
safety schemes used to implement USM, and Section 4.6 discusses the value of public 
involvement.
4.1 CHARACTERISATION OF URBAN ROAD SAFETY MANAGEMENT
Urban safety management (USM) is a systematic approach to road accident prevention 
and casualty reduction specifically developed for urban areas, where a sizeable 
proportion of accidents are randomly scattered and the places where these accidents 
occur change from year to year. USM broke new ground in tackling scattered accidents 
(as well as clustered ones) in both residential areas and busier areas, thus going beyond 
the hazardous road location programmes that it embraces.
USM aims to adjust the balance between safety, directness of access and ease of 
mobility on foot, by public transport, by private motor vehicle, and for delivery of 
goods and services. The means envisaged for this include speed management and the 
redistribution of traffic, and can bring substantial environmental benefits. The 
engineering measures used by USM to improve the urban road environment include all
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those that are used in hazardous road location programmes (Sections 2.2.2 and 2.3). 
What is original in USM is:
1. the approach taken to develop road safety analysis, and to set road safety 
objectives;
2. the suggestion of considering the safety objectives together with other urban 
policies and, therefore, the requirement of drawing in different local 
professionals; and
3. the necessity of combining mixtures of road safety measures not all of which 
have to be implemented in the locations where accidents occur (Section 4.2.4).
These three innovative aspects not only broaden the number of choices to tackle the 
urban road safety problems, but also strive to make the development fair to all road 
users and for the use of resources to be balanced. Figure 4.1 shows issues involved in 
preparing and developing a USM strategy.
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USM was first developed through the British Transport Research Laboratory (TRL) 
Urban Safety Projects in five English towns (Lynam et al., 1988; Walker et al., 1989; 
Walker and McFetridge, 1989; Ward et al., 1989a, b, c; Mackie et al., 1990). The 
experience gained in the design, implementation, monitoring and evaluation of these 
area-wide safety schemes led to the development of guidelines on USM (Institution of 
Highways and Transportation (IHT), 1990a). The Organisation for Economic Co­
operation and Development (OECD, 1990a) reports the use of the same principles in 37 
other area-wide schemes developed in eleven countries, and the European Transport 
Safety Council (ETSC, 2001) recommends that road safety management principles 
should be followed in the EU. The EU “Developing Urban Management And Safety” 
(DUMAS) project, produced a framework for the design and evaluation of urban safety 
initiatives through analysing USM practices in the United Kingdom, France, the 
Netherlands, Denmark, Greece, Italy, Germany, Austria and the Czech Republic 
(European Commission DG VII, 2000). The five-year “Safer City Project” developed in 
Gloucester, England, is one of the most comprehensive road safety programmes based 
on the USM principles delivered so far in a single city (Mackie and Wells, 2003), and 
has led to fresh guidelines on USM (British Department for Transport, 2003).
USM requires a safety strategy to be developed for each urban area as a whole, and a 
coherent range of actions to be taken to pursue the objectives identified in the strategy, 
typically by addressing the objectives area by area within the city (Section 2.3). In other 
words, the main urban road safety objectives identified for the city as a whole should 
then guide the work in local areas where more specific problems should be addressed. 
These local area schemes are mainly developed, simultaneously or not, in the form of 
area-wide studies. Their aims are:
• to improve road safety on main traffic routes and in residential areas; and
• to discourage through traffic in residential areas.
Initial implementation o f the urban road safety strategy is considered finished once 
safety problems have been tackled in each individual area, but continued monitoring is 
required to identify the need for follow-up measures at a more modest rate as the urban 
area evolves over the subsequent years (Section 4.4).
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USM programmes have four stages, which require different analytical methods and 
investigatory techniques. Those stages are namely the following:
1. Diagnosis of the problems (Section 4.2);
2. Selection of the treatments to decrease the number and severity of accidents 
(Section 4.3);
3. Implementation of measures (Section 4.3); and
4. Monitoring and evaluation of the effects of the implemented measures 
(Section 4.4).
In order to implement highway improvements and traffic management schemes to 
reduce accidents, Local Authorities need to know the pattern of accidents in their cities 
and identify the measures to meet safety objectives identified for each local area. In 
other words, the diagnosis of traffic safety problems is key to the success of urban 
accident reduction programmes, and hence it is given more detailed attention in this 
study than the selection of the treatments to decrease the number of accidents, 
implementation of the measures or the monitoring and evaluation of the effects of the 
implemented measures.
4.2 DIAGNOSIS OF ROAD SAFETY PROBLEMS
The process of identifying road safety problems and setting objectives for the city as a 
whole and for areas within the city are identical in principle; however, the information 
required and the analysis needed at the local area level are more exhaustive. The steps 
for urban road accidents diagnosis using an USM approach are:
1. Analysis of the functional road hierarchy and traffic patterns;
2. Analysis of accident patterns;
3. Definition of safety objectives; and
4. Identification of relevant road engineering safety countermeasures to meet 
these objectives.
The subsequent sections (4.2.1 to 4.2.4) summarise the main characteristics of the four 
steps of the diagnosis phase. The characteristics described are mostly related to the 
general use of USM, but the sections highlight the points that are later (Chapter 5) used 
in the development of the methodology in a form that is applicable to the Portuguese 
context.
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4.2.1 Identification of road hierarchy
The road network serves a multitude of purposes in terms of transport and non-transport 
functions. From a road function point of view, there are essentially two transport needs 
which the road network allows: mobility and access. In an ideal situation, each and 
every road would perform predominantly only one of those functions, as they often 
conflict with each other (Section 2.1.3). Nevertheless this is unusual in most existing 
urban areas, and therefore the foundation of any USM programme is the definition of 
the current functional road hierarchy in terms of the mix of traffic and urban space 
functions being performed by different streets. It should be based on traffic flow data, 
local knowledge and detailed site inspection. It is important to note that road accident 
data play no part in this process.
The number of levels of the functional road hierarchy may vary with the particular 
characteristics of a city within each country. However, typically a city has at least two 
levels of roads with traffic movement functions and one level of access roads (Table 
4.1).
Table 4.1 Example of a functional road hierarchy in relation to motor vehicles
FUNCTIONAL ROAD FUNCTIONS FOR MOTOR VEHICLES
HIERARCHY
M Primary distributors Cater for long distant through traffic.
u a ________________________________________________________________________________
fa *  Connect different parts of the city and link the city to the
A  CJ
*" a~ £  Main roads primary distributors, if they exist, and to the national road
T* ~> g system.
5  g -------------------------------------------------------------------------------------------------------------------------
2 U Local distributors Provide connection between the main roads and the accesso  ccc 2£ roads
Provide for vehicles which are near the beginning or the end of
Access roads
their journeys.
Roads with traffic movement functions, in particular local distributors, may offer access 
to individual properties in addition to catering for through traffic, whereas access roads 
should not cater for through traffic. Unless otherwise stated, roads with traffic 
movement functions will henceforth be designated as main roads or local distributors.
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Because primary distributors are on the fringe of the scope of the USM approach 
(Section 4.2.2) they will be considered as a separate category.
In addition to the network of roads for motor vehicles, two other kinds of network 
related to it need to be considered. One is the network for vulnerable users, which 
provides the routes for pedestrians and cyclists, and should be assessed in terms of 
safety and personal security, accessibility, directness, connectivity and clearness of 
layout. The other is the network for public transport, such as buses and trams, which 
comprises the existing or future bus / tram routes, and should be assessed in terms of 
safety and personal security o f passengers on their way to and from bus or tram stops, at 
stops and on board the bus or tram, accessibility to important destinations, travel time, 
clearness o f route layout, comfort of passengers, and safety of other road users.
The USM approach aims to relate accident occurrence to the traffic patterns, existing 
functional road hierarchy and networks for vulnerable road users and public transport 
and to the way in which all kinds of road users use the network.
4.2.2 Analysis of traffic and accident patterns
The identification of the functional urban road hierarchy and networks for vulnerable 
road users and public transport is followed by the appraisal of each route in terms of 
traffic safety.
The safety assessment will usually involve large numbers of accidents distributed over 
different kinds of roads within the urban area (Sections 2.1.4, 2.3, 2.5, 3.2.3). Hence, 
road accident data (typically for three to five years) should be presented graphically and 
numerically against the road network. Similarly, traffic flow patterns and information 
about further problems identified by site visits, public consultation or specific surveys 
should be plotted on the city map. The use of databases associated with digital maps and 
graphics software, although not essential, allows easier and quicker investigation of 
problems.
As part of the identification of the safety problems, the current road network and the 
networks for vulnerable road users and public transport are assessed to find areas which 
are often associated with conflicts between functions within the networks. They are
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often located where vulnerable road users share road space with flows of motor 
vehicles, e.g. at sites where vulnerable road users cross roads carrying a lot of vehicular 
traffic; junctions; bus or tram stops; missing links in routes for pedestrians and cyclists 
(e.g. missing paths to or from public transport stops); sites where conflicting vehicle 
movements are not well provided for; sites where parking and loading / unloading 
compete for space with moving traffic; or sites which need speed reduction. Also to be 
assessed are problems of disproportionately high involvement of particular kinds of 
road users in accidents, or disproportionately high occurrence of particular types of 
accidents. In addition the busiest routes, the “rat-runs” (rat-runs are routes via 
inappropriate side-roads chosen by drivers because they are perceived to be quicker than 
staying on main roads), and the junctions where traffic queues are creating problems, in 
particular during peak hours, should be identified.
The information gathered from the road safety analysis and the identification of the 
safety objectives for the city as a whole lead to the identification of potential areas for 
detailed study, ensuring in this way that the city objectives then permeate and are 
refined in each local area treated. The areas identified for detailed study are usually the 
ones with the highest number of accidents in a given period in relation to their size, but 
are not necessarily where accidents cluster at single sites or along routes. More scattered 
accidents involving vulnerable roads users, in particular pedestrians, cyclist and 
children, often also help to reveal the areas most likely to be appropriate for detailed 
analysis. Budget and staff management together with the need to phase disruption in the 
city’s life due to road works, lead to a need to rank the areas identified for study. 
Indeed, once areas for detailed study have been listed and ranked, their choice for 
priority treatment is based not only on the highest number of casualties and accidents, 
but also on the following issues: scope for reduction in casualties, requirements of 
budget and staff, proximity between areas, combination with other major urban projects 
allowing reduced disruption, provision of better value for money and consequences of 
the road works for the normal life o f the city.
If safety improvements are made at specific sites, then, according to the risk 
compensation theory (roads users change their individual levels of risk-taking behaviour 
in response to any improvements in road safety), the number of accidents may increase 
at other (unimproved) sites. In other words accidents can migrate to unimproved 
locations (Section 2.3). Thus, areas to be covered by area-wide schemes are ideally
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enclosed by through traffic routes (such as primary distributors, national roads and main 
urban roads) or by features such as railway lines and rivers, so that road safety problems 
are less likely to migrate beyond the area being considered as a result of the schemes. 
The majority of the roads contained in an area under investigation are, therefore, 
generally those with less strategic traffic function. Within an area, parallel and adjacent 
streets which could form alternative routes are considered at the same time.
At the area-wide level, in addition to traffic data, it is crucial that individual road 
accidents are located on the road network as accurately as is practicable. The plot 
showing this might also depict different accident types with symbols when appropriate, 
such as accidents involving pedestrians, children and parked vehicles. This will enable 
the identification of particular problems that relate to specific road user groups on 
particular classes of roads. In-depth analysis involves consideration of the causes and 
location of accidents, road user groups involved in the accidents and type of road where 
the accidents occur. A more detailed analysis can be undertaken that includes a 
comparison of population data and exposure to risk of casualties and vehicles. Speed 
checks and pedestrian counts can also be undertaken, and where the cost is justified, use 
can be made of the techniques of conflict studies, such as the observation of vehicle 
movements at specific locations in order to assess the frequency of “near-accident” 
situations (Section 2.5).
As one of the stated aims o f a USM programme is to reduce through traffic in 
residential areas (Section 4.1), it is expected that some of the main roads will carry more 
traffic after the implementation of local area safety schemes. Changes in traffic flow on 
these routes and particular problems identified might justify the development of route 
length investigations, in other words, the investigation of common factors within 
accidents occurring throughout the length of specific routes. In addition, it may be that 
the analysis of an area will identify site-specific accident problems occurring at 
junctions, bends or similar locations in the area, which will need to be investigated 
separately (Sections 2.2.2, 2.3 and 3.4).
In-depth road accident analysis, together with additional surveys and site visits when 
justified, form the foundation for identifying road safety problems in each area. The 
identification of these problems should be defined in terms of the overall area-wide 
problems, route problems and site-specific problems.
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4.2.3 Definition of safety objectives
The precise definition of safety problems supports the definition of the road safety 
objectives for each area, which in turn should be cross referenced to the city-wide road 
safety objectives and, in this way, contribute towards treating the city problems which 
were identified earlier (Section 4.2.2). This helps to avoid allocating resources to a 
problem that either is non-existent in the area being considered or whose treatment 
would not contribute proportionately to the city’s safety objectives. For example in the 
Safer City Project (Gloucestershire County Council, 1998), in one of the areas under 
detailed analysis in Gloucester, the number of the children injured was higher than the 
city average. The corresponding safety objective set to tackle this area-specific problem 
was to reduce the number of children injured to the city average or below. This area- 
wide safety objective was designed to fit in with the city-wide objective of improving 
safety for children and young people aged 15 years and under.
The area-wide objectives should then be considered in relation to the existing road 
hierarchy (Section 4.2.1) in order to design a modified road hierarchy that allows a safer 
distribution of traffic, thus reducing both scattered and clustered accidents. When 
emergency services have fixed strategic routes through cities in order to reach their 
destinations, the proposed road hierarchy should be related to these strategic routes 
(British Department of Transport, 1994).
The road network might also be categorised by vehicle speed. In this case, an 
appropriate speed is established for each road or section of road, being the maximum 
speed of which motor vehicles should be driven on that particular road, based on motor 
vehicle traffic, vulnerable road user traffic, public transport traffic and the functions of 
the road. Because speed adjustments according to traffic characteristics are often 
essential for road safety reasons, speed categorisation becomes an important aspect of 
assessing the network.
Each route of the proposed road hierarchy should then be adapted in order to most 
appropriately perform its functions. Since in some cases road functions conflict, it is 
important to identify how the local road network can most appropriately perform 
functions required by the area, and hence how to enhance its layout to achieve this. For 
this purpose, both the safety problems and objectives should be plotted on the city map,
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thus allowing easier visualisation which can also be shared with the local community 
(Section 4.6), who in turn should be helped to recognise the problems. Road safety 
objectives should be discussed and agreed between traffic engineers, local communities 
and elected members. Changes and improvements to the road hierarchy, usually using 
low-cost engineering measures, should be designed to achieve the objectives identified 
at area-wide and city-wide levels.
4.2.4 Identifying relevant countermeasures to meet the safety objectives
After the safety objectives and the intended new road hierarchy are agreed in public
consultation with residents, local businesses, and public transport and emergency
service providers, the next stage is the identification of relevant low-cost road safety
measures, applied on an area-wide basis. These redistribute the traffic and influence the
behaviour of road users within each area to create a predictably safer road environment.
In fact, as the DUMAS project (European Commission DG VII, 1997) describes:
“ ... a leading safety principle of the hierarchical network is that 
the traffic participants are to be able to recognise unambiguously 
the function of the road -  and thus the kind of traffic conditions 
they will have to deal with -  enabling them to attune their 
driving behaviour.” (p. 20)
Each area has its own specific accident problems related to traffic characteristics, road 
functions and road user behaviour. It is therefore difficult to prescribe particular 
standard solutions. The choice of road engineering measures, which can be applied 
individually but are usually used in combination, is based upon judgement and 
experience obtained by formal appraisal. This section is therefore intended to give 
guidance on possible remedial measures based on references reporting extensive work 
carried out over more than two decades, rather than indicate specific solutions to 
problems (Dalby, 1979; OECD, 1979; Silcock and Walker, 1981; Institution of 
Highways and Transportation and British Department of Transport, 1987; IHT, 1990a, 
and references therein; Service d'Etudes Techniques des Routes et Autoroutes 
(SETRA), 1994; ETSC, 1996a, b, 1999a; Irish Department of the Environment, 1996; 
Danish Road Directorate, 1998; British Department of the Environment Transport and 
the Regions, 1999; European Commission DG VII, 1998b, 1999; British Department for 
Transport Local Government and the Regions, 2001a).
118
Urban road safety management
Table 4.2 indicates many widely used road safety countermeasures, which have been 
grouped according to the main function that they are considered to perform (bearing in 
mind that some of them can contribute to more than one purpose) when applied on an 
area-wide basis on access roads and roads with traffic movement functions to form a 
road safety scheme. The list shows which measures can often be used: to reduce the 
extent of traffic penetration in residential areas; to improve safety on roads with traffic 
movement functions; to regulate turning movements; to offer safety gains to pedestrians 
and users of two wheeled vehicles; and to induce speed reduction without police 
enforcement. Warning devices can be used to make drivers more aware of their road 
environment. Unless otherwise stated, a scheme will henceforth refer to a set of 
individual measures applied on an area-wide basis aiming to meet the traffic safety 
objectives and operational requirements of the area, whilst preserving or enhancing its 
character or appearance.
Measures other than the ones in Table 4.2 have also been used. But over time there has 
been a gradual change in the philosophy, and measures which force traffic to follow 
certain routes, such as road closures and diversions, tend to be used less at present 
(Section 2.2). On the other hand, speed management measures (in bold in the Table), 
which try to persuade drivers to adjust their speed to match the road functions, by 
making the road look or feel different, tend to be used more often. The most appropriate 
measures in each country will depend ultimately on political issues of public 
acceptability (Section 4.6); therefore it should be for each country to identify the most 
relevant and important measures according to its legal context and the climate of 
opinion (Sections 2.1.5, 3.2.2, 3.2.5 and 4.6).
The scale created to distinguish different levels of effectiveness in the Table 4.2 refers 
not only to the road safety benefits associated with a certain measure used on a 
particular type of road but also to wider implications, such as environmental impact, 
that it might have when implemented.
Although measures are related in the table to type of road, they are often implemented at 
the interface o f access roads and roads with traffic movement functions. For example, 
entry treatments are here associated with access roads because they are implemented on 
this type of road. However, they can also be regarded as part of the traffic movement 
roads since they often provide help for pedestrians walking along them (Section 4.3).
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T ab le 4 .2  Road safety countermeasures for use on access roads and 
movement functions
roads with traffic
ROAD SAFETY MEASURES
. Roads with trafficaCC6SS
movement functionsroads
Local roads Main roads
1/3 Passive influence Advisory route signing X 44 444
CatJ H Capacity reduction Road closure (at a point) h444 ; 44 X
£  1  
~  Q
z  z  3
C/3
Restricted entry Access only prohibition 
Width restriction (at a point)
444
444
V
4
X
X
Movement Signs
Prohibited turn 
Mandatory movement 
Changes in priority
44
44
44
44
44
44
444
44
4
control at Traffic signals
—  _
z  5
5  o
junctions No entry (closure of an arm)
One-way operation
444
444
44
44
4
44
a : Central island V 44 44
H
Speed limits Area-wide speed limit (inc 30 km/h zones) 
Localised speed limit
444
4
444
44
44
44
Control at junctions Roundabout control 4 i M 444®
s
o
<
Q
Horizontal
alignment
modification
Horizontal curvature 
Chicanes 
Road narrowing 
Shared surface
44
4
44
444
44
44
444
4
4
X
44
X
s
p
&
C/3
Road surface 
modification
Ramps
Rumble strips
Speed control humps and cushions
444
X
444
V
44
vv
X
444
X
Restricting vehicle traffic movement Pedestrianisation 444 X X
s Footbridge or subway
w
C/3
u, p
o  2
Pedestrian crossing 
facilities
Peninsula 
Zebra crossing
X
X
vv
vv
444
444
Signal-controlled crossing 
Pedestrian phase at junction signals
X
x  : *
4
4 v
4444  A , 
. . . . . . .444.H
u  w Refuges and islands X vvv 444
Raised junction or speed table w m m V X
Z
Restricting pedestrian School crossing patrol 
movement Pedestrian guardrail
4
X
vv
V
444
44
□ Cycle lanes 4 vv 4
> Cycle facilities Crossing facilities
Separate cyclists signals :r ■ w  ,  ■V-
g  U3z  u  
z 2
Street lighting
Road signs and markings
Entry treatments
444
44
444
v vv
444
4
444
444
X
C* >  < U Gateway : x  :■ .4 4 4 : . . , . 444. A
Anti-skid surface 4 444 44
Flashing lights at schools
Removal of road side objects (inc urban furniture at junctions) V 44 444
Key:
V  Effective in some circumstances
V 4 Effective in a wider range o f circumstances
444 Especially valuable
Lower capital and maintenance cost
'intermediate capital and nminte'nance 'cQSt
Higher capital and maintenance cost
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From the above list of countermeasures it is clear that, to be efficient, the physical 
measures should be used together with methods for regulating the use of roads, namely 
traffic regulation. These methods, which are usually of a prohibitory rather than 
permissive nature, include: control by traffic signals, imposition of speed limits, 
introduction of one-way operation, restriction on the directions of movements at 
junctions and restrictions on parts of the carriageway for use by specified classes of 
vehicle. They require varying degrees of enforcement by the police.
The identification of relevant schemes should take into consideration strategies for 
emergency vehicles, public transport, stationary vehicles (such as on and off-street 
parking and loading and waiting restrictions) and temporary regulations for special 
events. Special care should be taken to protect the interests of local businesses (Section
4.3).
Road safety engineering schemes should be supplemented by education, training 
publicity and enforcement initiatives. They might include actions such as local safety 
campaigns and the definition of a “safe routes to school” (school routes). In this way 
road users’ awareness of the traffic safety problems might increase and contribute to 
road safety improvement (Sections 2.1.2, 2.1.3, 2.2.7, 3.2.4 and 3.2.5).
Roads with traffic movement functions should be improved according to safety 
objectives to make it feasible to transfer to them some of the through traffic displaced 
from residential areas. Roads where inappropriate high speeds are possible should be 
made safer using the appropriate measures. Vulnerable road users should also be helped 
to cross motor traffic where their routes do so. Measures are not necessarily 
implemented at locations which have an accident history. An example of an area-wide 
safety scheme where this approach was applied is illustrated in Figure 4.2.
Figure 4.2 shows a scheme with road safety measures which mainly control vehicle 
routes and protect vulnerable road users. It also provides an example of a measure 
implemented elsewhere than the location of accidents to be prevented. In order to 
improve right-turning facilities at junction A, a bus lane was implemented in Avenue B 
discouraging through traffic and reducing the number of conflicts at the junction.
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O  Existing function control 
I I  K o s t r ic to d  co co as  
R T B .. . .  Right turn bays 
II Refuge 
PEO |  Crossing improvement 
X Buses only 
SP a i r  Sheltered osrtung 
j f  Road closure
Speed tamt /fim o *
iOiw O wph
Source: (Ward et al., 1989c)
Figure 4.2 Sheffield’s road safety scheme
4.3 SELECTION AND IMPLEMENTATION OF ROAD SAFETY SCHEMES
Road safety schemes can be implemented both alongside major refurbishment of 
housing stock or other redevelopment, and independently in either new developments or 
existing areas. It is important to recognise, though, that the scope for application in 
already fully developed areas is usually less. Once relevant road safety schemes have 
been identified, the next stage is ranking them in a priority order and comparing 
mutually exclusive alternatives where these arise.
At this stage it might be of benefit to set out specific targets with respect to the current 
situation on the basis of international, national and local targets (where these exist), in 
order to encourage improved action plans and the utilisation of limited resources for 
road safety and environmental planning (Sections 2.6 and 3.2.2).
OECD (1997b) clarifies the difference between creating a vision and setting a target. A 
vision is defined as an aim for the future without a time period or time limit noted; for 
example the Vision Zero introduced in Sweden. A target is defined as an aim (such as
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maximum number of people killed or injured or of accidents) with a specific time limit 
and geographic area (national, regional or local). Targets, which should be kept under 
review during the relevant period so that they remain an achievable challenge, allow 
developments to be evaluated and the efforts to be adjusted continuously. They also 
make it easier to define which measures within the local road safety schemes are 
justified and to allocate responsibilities, resources and administrative roles.
Local area safety schemes have wider spatial effects than schemes at particular sites. 
Choices between options should therefore be guided by comprehensive evaluation in the 
light of the safety strategy for the whole area. Equity between road user groups 
(including pedestrians, cyclists, public transport users, people with reduced mobility and 
children) and between different parts of the city should be observed. Since within urban 
areas many things are intrinsically related, local road safety schemes might also have 
implications for other urban issues (Section 4.5).
Some examples of how design factors relate to and how unintended effects should be 
considered are the following. Some individual measures, such as rumble devices, can 
generate noise incompatible with residential areas. Other features, such as overrun areas 
and entry treatments, if not located appropriately can cause difficulties and possible 
danger for pedestrians and cyclists. Carriageway narrowing, in particular when used as a 
entry treatment will need examination as to whether any unacceptable delays or safety 
effects will result from vehicles waiting to turn from the major road. Conflicts may also 
arise between vehicles entering and leaving the side road. Severe speed reduction 
measures should not be used along routes that Local Authorities and emergency 
services have defined as strategic routes to all parts of the city. Measures chosen for 
ambulance service routes should consider patient comfort and not damage the medical 
equipment or extend response times unduly. Measures should not create water drainage 
problems, in particular where they join the main running surface of the carriageway 
(British Department of the Environment Transport and the Regions, 1999, and 
references therein).
Parking strategies should be considered together with road safety schemes (Section
4.2.4) because they can interfere with each other. For example, where speed cushions 
are located near bus stops, indiscriminate vehicle parking might prevent buses from
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straddling the cushion. Also, on-street parking arrangements can be revised to tidy the 
layout of the street and to reduce the amount of street furniture needed for the schemes.
Experience has shown (OECD, 1997a; Centre of Research and Contract Standardization 
in Civil Engineering (CROW), 1998; Danish Road Directorate, 1998) that a good 
starting point for analysing the different parameters involved in the choice of the best 
scheme is to produce a comprehensive map on which they are shown. Mapping of the 
road traffic and road environment parameters carried out on basis of a systematic 
collection of information helps in:
• the identification of the most important problems;
• an advanced evaluation of various measures in relation to the set targets;
• visual evidence for politicians and the public that the measures to be 
implemented do in fact attack the most relevant problems; and
• the assessment of the actual subsequent trends in traffic and environment 
related problems.
The selected scheme must be expected:
• to improve road safety (reduce number and severity of accidents and 
casualties);
• not to have disproportionate undesirable consequences (such as increasing 
another accident type or adversely affecting traffic efficiency or the 
environment - Section 4.5);
• to be efficient (represent a good use of the resources allocated to the 
programme in comparison with alternative uses);
• to be cost-effective (produce benefits which sufficiently outweigh the 
costs); and
• to gain acceptance from local residents and people affected (Section 4.6), 
before being implemented, to avoid schemes once installed having 
subsequently to be altered or removed.
124
Urban road safety management
As well as complying with standards for individual measures, the design o f a local road 
safety scheme should take into account traffic composition, presence of vulnerable road 
users, local physical features and the suitability of materials.
Once the scheme has been decided, it should be undertaken by the Local Authority, or 
another body on its behalf, familiar with the implementation of traffic management and 
environmental improvement schemes. The schemes can be subjected to safety audit 
(Section 2.1.1) during their design and implementation. During implementation those 
affected should be kept informed of progress, in particular of any road closures that may 
be required, and advised of alternative routes.
4.4 MONITORING AND EVALUATION OF THE EFFECTS OF THE 
IMPLEMENTED SCHEMES
In the line with the four stages in the development of a USM strategy that were 
described in Section 4.1, the monitoring and evaluation of the implemented schemes are 
described here after discussing the selection and implementation of schemes (Section
4.3). However, it is intrinsically related with the selection process in terms of cost- 
effectiveness and efficient use of resources, and with wider implications of the local 
road safety schemes (Section 4.5) and, therefore, should be considered in parallel with 
these.
Prior evaluation of schemes on the basis of forecasts of their performance, especially in 
terms of casualty reduction is required as part of the selection process. Then once a 
scheme has been implemented, good practice requires that the location be monitored, 
and its performance to be assessed. There are two main reasons for evaluating a scheme. 
First, for the sake of the scheme itself, ascertaining whether or not the changes fulfilled 
the underlying intentions and identifying unforeseen problems that might have 
developed after implementation, thereby allowing any errors to be rectified. Secondly, 
for the sake of future schemes, because such studies enhance Local Authorities’ general 
knowledge of the consequences of individual schemes and provide data for developing 
guidelines for safety engineering work. As urban areas are constantly changing, a 
monitoring programme is also needed to help to keep the road safety strategy 
continually under review.
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Extensive literature reports the assessment of road safety effects of the area-wide urban 
schemes (Ward and Allsop, 1982; Ward et al., 1982, 1988, 1989c; Mackie et al., 1988; 
1990 and references therein; IHT, 1990a; Janssen, 1991; British Department for 
Transport Local Government and the Regions, 2001b; Elvik, 2001; Bunn et al., 2003). 
Webster (2000) prepared a comprehensive literature review on the design and 
performance of measures in more than twenty countries around the world. It has been 
concluded that another 10% reduction in accidents in the area covered by a low-cost 
scheme can be expected, in addition to the levels of reduction obtained by site-specific 
measures directed towards the safety objectives of the scheme as a whole.
An evaluation of effectiveness requires that an estimate be made of the frequency and 
severity of road accidents that would have occurred in the area if it had not been treated. 
Although the scope of evaluation should be restricted to what is required in relation to 
scheme-specific objectives and resources allocated to the programme, it can include 
other elements (Table 4.3).
In certain cases, the monitoring and evaluation might be developed at three levels: for 
all roads within the city, for individual schemes (the whole area-wide scheme is 
assessed in terms of its effectiveness) and for individual sites (to assess the effect of 
individual measures applied). However, the assessment of individual measures needs to 
be developed carefully due to the way the area-wide schemes are designed. The area- 
wide application of low-cost measures is designed to affect road user behaviour and the 
usage of routes. Therefore, although particular attention is paid to specific locations 
where there is a concentration of accidents, the design for a reduction in accidents is an 
overall area one. As a consequence, in certain locations the number o f accidents might 
remain the same or even slightly increase without representing the performance of a 
particular individual measure.
Monitoring programmes require adequate before and after data collection. Results that 
are not quantifiable should be described and illustrated systematically, quantifiable 
effects should be expressed numerically to the extent that practicable estimates permit 
and the effects that can be expressed in monetary terms are subject to financial 
evaluation. Whether this takes the form of cost-benefit or cost-effectiveness analysis 
depends on whether agreed monetary values are attributed to reductions in numbers of 
casualties and accidents.
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Table 4.3 Possible factors in the evaluation of an area-wide scheme
TYPE OF 
IMPACT SPECIFIC ASPECTS
Number and severity of casualties and accidents
Distribution of accidents over the road network and amongst road user groups 
Accident occurrence in relation to the measures and safety objectives_______
Safety
Traffic flow 
and mobility
Traffic distribution 
Vehicle speeds
Travel times along routes with traffic movement functions
Patterns of manoeuvres at junctions and delays incurred
Extra journey distances to and from addresses in residential areas
Patterns of pedestrian and cyclists movements on roads with traffic functions
Change in mode of transport used
Change in routes taken by drivers, riders and pedestrians
Operation of buses and trams along affected routes_____________________
Local
environment
Noise
Air pollution
Vibration
Aesthetics
Public
acceptance Responses to the scheme
Financial
evaluation Cost-benefit or cost-effectiveness analysis of the scheme
4.5 W IDER IMPLICATIONS OF AREA SAFETY SCHEMES
Road safety schemes developed using the USM approach might also create an 
opportunity for developing road safety strategies in the context of other urban policies, 
taking advantage of resources allocated according to priorities of local policy-makers or 
citizens. USM’s particular characteristics of integrating safety with other urban policies 
and involving public and local organisations (Section 4.6), led OECD (1990a) to 
identify two approaches for development of urban road safety programmes: the 
proactive and the reactive.
In the proactive approach, urban road safety is the main incentive for the development 
of the strategy and has an effect on the other urban policies. The generic safety goals are 
simply reducing the loss of life, injuries and damage to property resulting from road 
accidents, together with the associated feelings of fear and intimidation. As a 
consequence of the initiatives taken in order to develop urban road safety, which 
requires the wide participation of public and local organisations, a range of other urban 
issues, such as the local environment, can be enhanced.
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In the reactive approach, the opportunity to tackle road safety issues emerges as a 
consequence of other urban initiatives. These other activities might be related to urban 
transport strategies, for instance the introduction of a new urban light rail system. Other 
city-wide programmes may have broader aims, for instance: reducing the inequity 
between urban areas by regenerating the economy of certain areas; improving the air 
quality and reducing noise; reducing the number of injured children as a whole, 
including those injured in road accidents; and protecting a historic area or cultural 
heritage within the city.
Whichever the opportunity, the primary purpose of the safety schemes should be to 
reduce accidents. Their environmental effects (Boulter, 1998) should also be considered 
namely in terms of aesthetics, emissions (British Department of Transport, 1996a; 
Boulter and Webster, 1997; Cloke et al., 1998), noise (British Department of Transport, 
1996b) and traffic vibrations (Abbot et al., 1995; British Department o f Transport, 
1996c; Harris et a l, 1999). Schemes should aim to contribute to an improvement in the 
effects of traffic on the environment, although the extent to which this can be achieved 
has not yet been determined. Table 4.4 shows most of the wider implications that an 
area-wide scheme can have.
When developing an area-wide scheme, it is desirable to consider as many as possible 
of its wider implications as part of an integrated approach to urban management. In 
meeting these objectives, a range of measures need to be carefully considered in order 
to match them to the function of different roads. Incorporating environmental 
improvements into the design of a scheme can help to gain local acceptance (Section 
4.6).
4.6 PUBLIC INVOLVEMENT
The success of an area-wide road safety scheme depends ultimately on its acceptance by 
the public, and this in turn depends on how the various impacts of the schemes 
(Sections 4.4 and 4.5) are perceived by people.
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Table 4.4 Wider implications of road safety schemes
WIDER IMPLICATIONS SPECIFIC ASPECTS
Traffic flow and mobility
Speeds and flows in residential areas
Speeds and flows in local shopping centres and access to
them
Comfort of drivers and passengers, in particular on public 
transport and in ambulances (Sayer et al., 1999)
Effects on ambulance equipment and vehicle suspensions, 
in particular bus maintenance
Journey times, in particular emergency services and public 
transport
Routes and conditions for pedestrians and cyclists 
Traffic reduction
Local environment
Noise
Air pollution (dust, dirt, smoke and fumes)
Vibration
Severance (IHT, 1991)
Aesthetics (choice and maintenance of materials including 
planting and visual intrusion from traffic)_______________
Other urban policies
Economic development 
Land use and development control 
Social inclusion 
Protection of historic areas
Others
Personal security - perceived and real
Public attitudes (affected residents, business, politicians,
police, public transport operators, emergency service
providers)
Fuel consumption 
Parking
Drainage _______  ___
In addition to the dialogue among professional groups whose work impinges on road 
safety through engineering, education, enforcement, environmental improvement and 
town planning, the USM approach entails involving those affected by the schemes in 
the decision-making process from an early stage as being vital in determining its 
success. The success of a scheme is related with its ability:
• to consider all kinds of road users, in particular the most vulnerable;
• to encourage all professional groups to help to achieve safety objectives; 
and
• to deliver a scheme that people accept within the agreed timetable, by 
listening to people’s perceptions, dealing with minority opinions and 
responding to widely held views.
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The opportunities and risks of involving the public were reviewed in Section 2.3. 
Webster (1998) prepared a literature review on public attitude towards road engineering 
measures. Public reaction has been a key element in changing the type of road safety 
engineering measures implemented over time (Sections 2.2 and 4.2.4).
Table 4.5 shows broad groups who have interests in area-wide road safety schemes, 
excluding the team responsible for developing the programme, and who therefore 
should be involved in the process.
Table 4.5 Broad groups who should be involved in USM programmes
INTEREST GROUP
Elected members • Local decision-makers
Police • Traffic division
Transport operators • Passenger
• Freight
• Local roads
Transport infrastructure providers • Regional or national roads
• Rail
• Ambulances
• Doctors
Emergency services • Fire services
• Police
• Local hospital
• Residents
Local community • Local business
• Special interest groups
The involvement of these groups should be done at different stages in the process. 
Typically, schemes should initially be presented to locally elected members. Early 
consultation with affected transport operators, police and the emergency services at the 
stage o f identifying objectives for the scheme are essential to ensure the progression of a 
mutually acceptable scheme, and full weight must be given to their views. The extent to 
which further consultation is considered appropriate with any or all of the remaining 
groups will be a matter for the Local Authority to determine. It will depend on the 
expected effects on movement of traffic, the Local Authority’s experience of 
consultation and on the budget and time scale. Table 4.6 illustrates possible ways of 
involving local people. At very least once the measures intended to meet the objectives 
have been chosen, full consultation (information, consultation and participation) should 
be undertaken. Special interest groups in the local community include: citizens’ panels,
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school children, the elderly, drivers, pedestrians, cyclists, people with reduced mobility, 
shoppers, residents’ associations, environmental action groups and private companies. 
The preliminary scheme, subject to full public consultation, should specify the likely 
materials to be used and thereby minimise debate on aesthetics. Often a compromise 
between the desires of individuals and the interests of the community at large will be 
required.
Table 4.6 Relevant types of public involvement
.0
INVOLVEMENT \  I  TECHNIQUES COVERAGE
et et
Js ©O J
Meetings V • Groups• One to one • Progress with the study
• Media coverage • Current and future road safety
Information
V / • Posters
problems
(one way process) • Leaflets
• Information sheets
• Solutions considered
• Public meetings
Consultation • Presentations
(one way process • Focus groups
with feedback) V V • Exhibitions
• Ideas for solutions
and • Surveys • Decision-making process
Participation • Internet page
(dialogue) • Invitation to submit
written comments
Local people are ultimate beneficiaries of the road safety scheme improvements in 
terms of safety and the environment, and may have to accept some disadvantage in 
return for this; hence they should also be a critical contributing group in the 
development of the programme. The success of an USM programme must also be 
evaluated from the perspective o f who gain or lose from the initiative in terms of its 
impacts (Section 4.5). Furthermore, public consultation, as an information 
dissemination programme, leads to a growing awareness of road safety issues and helps 
to decrease the likelihood of adverse attitudes towards other road safety programmes.
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4.7 CONCLUSIONS
Injury and damage in road accidents and citizens’ perception of road safety problems 
and risk are key factors in determining the quality of life in urban areas. In the longer 
term it is expected that publicity and educational initiatives will result in drivers 
changing their attitude towards road safety issues. Also new technology, such as speed 
cameras, is likely to assist in enforcement (Sections 2.1.2, 2.1.3, 2.1.5, 3.2.4, 3.2.5 and
4.2.4). Meanwhile, the introduction of engineering measures which inform and guide 
road users, and also transform the road layout to accommodate errant or inappropriate 
road user behaviour, has been seen as an effective way of decreasing the number of 
accidents and their severity (Sections 2.1.1 and 2.3).
The capacity of the urban safety management (USM) approach for dealing with 
scattered and clustered accidents, both on busy roads and in residential areas, is amongst 
its most important strengths and has played a key role in its selection as a platform for 
this study (Section 3.4). The potential wider implications for the urban environment 
(Section 4.5) and involvement of road users in the decision process (Section 4.6) are 
also positive aspects of the USM approach. They are vital features in the development 
of a strategy which delivers lasting and equitable solutions, without creating or 
promoting other unintended problems.
The basic USM philosophy requires the development of a safety strategy for each urban 
area as a whole, and a coherent range of actions to be taken in pursuit o f the objectives 
identified in the strategy, typically addressing the objectives area by area within the city. 
Out of the four stages (diagnosis of the road safety problem, selection of measures, 
implementation of schemes and evaluation of their benefits) of the USM programme, 
this chapter has highlighted the first stage (Section 4.2) where traffic accident patterns 
are examined, safety problems are identified and relevant corrective road engineering 
measures needed to meet the objectives are proposed for each area of the city.
The next chapter describes the initial development of the proposed tool for Local 
Authorities in Portugal to use, which systematically diagnoses the problem of accidents 
in urban areas and supports the appropriate implementation of road safety engineering 
measures against the background of the current Portuguese urban road safety situation 
(Chapter 3), and the methods and techniques used by the USM approach (Chapter 4).
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5 PROPOSED DIAGNOSTIC TECHNIQUE APPLICABLE IN 
PORTUGUESE URBAN AREAS
Chapter 2 analysed how urban road safety issues have been approached in different 
countries and what are the most important challenges faced by urban traffic engineers at 
the threshold of the twenty-first century. As a result of this analysis and of the 
examination of the current Portuguese context and the availability of information, the 
urban safety management (USM) approach, being technically feasible, politically and 
institutionally acceptable and economical, was selected as the main platform on which 
the new framework is to be built (Chapter 3). Chapter 4 described the general 
characteristics of USM, drawing special attention to those that are more relevant to the 
development of the Portuguese tool. This chapter describes a stage in the development 
of the proposed methodology for systematic diagnosis of accidents in Portuguese urban 
areas, through the reinterpretation of foreign experience to the current national 
conditions. The assessment, completion and refinement of the initial proposal, however, 
require the development of a case study in a Portuguese city (Chapter 6). The lessons 
learned from this pilot application will then be accommodated in the framework as 
described in Chapter 7 and the resulting recommended framework will be presented in 
Chapter 8.
5.1 THE METHODOLOGICAL FRAMEW ORK
The framework is designed to be used by Portuguese Local Authorities for the 
systematic diagnosis of accident occurrence in urban areas and to support the 
implementation of road safety engineering measures, in ways that make good use of the 
scarce human and financial resources allocated to road safety (Section 3.4).
The development of the framework is based on the USM philosophy (Chapter 4). As a 
result, the proposed methodology for systematic diagnosis of urban road accidents in 
Portugal requires that the road safety strategy is developed for each urban area as a 
whole, and that a coherent range of actions is taken in pursuit of the objectives
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identified in the strategy, typically by addressing the objectives area by area within the 
city.
The current situation of Portuguese Local Authorities, in particular the scarcity of 
financial, human and technological resources, together with their sometimes reluctant 
responsibility for road safety (Section 3.2.2), makes it crucial to design a framework 
that uses new methods of assembling and analysing data and addresses issues, such as 
decision-making processes, public consultation and allocation of resources. The new 
framework is designed to create synergy with the other urban issues and to involve the 
local public, although it should be for local politicians, who understand the local 
circumstances best, to decide just when and how to involve the public.
As a result, an initial four-phased framework is outlined. The framework is described 
partly in the form of a simple diagram (Figure 5.1), which summarises the main phases 
of the methodology, and partly through descriptions of the stages and activities shown 
in the diagram. The descriptions also contain, where appropriate, advice, checklists and 
examples referring to particular topics. The framework is designed to be applicable to 
different sized Portuguese urban areas, from large to small cities and even villages. It 
can be used immediately and indicates how Local Authorities, as they gain experience, 
can go further and incorporate further analyses.
The diagnostic part of the framework is divided into four phases (A. policy context, B. 
city-wide strategy, C. area-wide studies, and D. investigation o f  relevant measures) and 
at the end of each phase there is a decision stage (decision to develop a safety strategy 
fo r  the city, adoption o f  the city-wide safety strategy and selection o f  areas fo r  detailed 
study, and acceptance o f  problems identified and objectives set). The activities 
subsequent to the diagnosis are the choice o f  suitable schemes and their implementation 
and monitoring. Within each phase and decision stage, various professional groups and 
organisations are involved.
An urban road safety strategy, like this, requires a relatively quick decision-making 
process in order to be successful. To achieve this, the methodology must be quite 
technically comprehensive. Therefore, the diagram also shows detailed steps for 
analysing the policy context o f a city (A.l to A.5), formulating a city-wide strategy (B.l 
to B.5) and carrying out area-wide studies (C.l to C.4). However, some aspects within
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these three stages (correctly identified in the descriptions of the respective activity), and 
detailed steps for investigation of measures, are left to emerge from the pilot application 
of the methodology in a Portuguese city (Chapter 6). This exercise will also be used in 
the re-evaluation of this initial proposal, to be described in Chapter 7.
Whilst stages and steps are described here in sequence, in order to keep to the schedules 
and budgets it is recommended that, whenever possible in the execution, the activities 
are mixed and matched according to the prevailing circumstances. In other words, when 
one step is taking too long, in some cases, it is feasible that another step is developed.
A complete framework has been developed that incorporates safety, personal security 
and environmental analysis. However, in the first instance some Portuguese Local 
Authorities might find this difficult to implement due to a lack of resources, therefore a 
basic version with a reduced, but crucial set of activities is also defined. In the 
description of the stages and activities shown in the Figure 5.1, activities shown in 
normal type are the ones which any city willing to develop a road safety strategy should 
be prepared to undertake. Underlined activities are the enhancements towards a more 
complete version of the methodology, from which each urban area may choose the 
appropriate ones suitable to its own circumstances. In this way it is hoped to create a 
simple systematic tool that serves the needs of today, within the current Portuguese 
circumstances in terms of resources and availability of information, but at the same time 
looks ahead towards a gradual integration of safety and environmental strategies as well 
as their integration within an overall transport policy.
This chapter firstly sets out what has to be done for diagnosis of road accidents in a 
Portuguese urban area, and secondly describes how to carry out each of these steps.
5.2 POLICY CONTEXT (PHASE A)
This phase of the framework supports the decision to improve road safety in the context 
of the general urban policies. Steps A.1 to A.6 are designed to contribute to developing 
an understanding of the general issues in the context of which the Local Authority 
should focus its resources and efforts in order to improve urban road safety.
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Figure 5.1 Flowchart illustrating the methodology for the diagnosis o f urban road 
accident occurrence in Portugal
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5.2.1 Statement of a vision (A.1)
The statement o f a vision is in essence a political statement rather than a technical one, 
where the Local Authority, which currently in Portugal does not have statutory 
responsibility for road safety (Section 3.2.2), announces its intention to improve it by 
developing an urban road safety strategy. Therefore, the starting point of this 
methodology is an understanding of the general scope for policy to improve urban road 
safety within the wider national and local context of urban policies, which can be 
translated into a set of city objectives. In the current state of Portuguese knowledge and 
practice (Sections 3.2 and 3.3), this will have to be formulated broadly in terms of a 
vision for the city in question and of higher level objectives which indicate general 
aspirations for road safety, as it is difficult to define specific aims in advance of work on 
development of a strategy. These objectives should, however, be in line with national 
ones (Section 2.6) and also should be broadly appropriate in the light of potential 
improvements achievable with low-cost road safety engineering measures.
It is, therefore, very important that the need to adopt a planned approach, proactive or 
reactive (Section 4.5), to developing a road safety programme is recognised. In other 
words, it should be clearly identified whether it is the improvement of urban road safety 
that is the main incentive for the development of the strategy, or if  it is other urban 
initiatives that are offering an opportunity to tackle road safety problems.
Whilst awareness of the importance of allocating resources to improving urban road 
safety is steadily increasing (Sections 3.2 and 3.3), this might not be enough in every 
city to motivate the development o f a road safety strategy programme. The reactive 
approach is quite relevant to the current Portuguese context. The programme POLIS, 
Programa de Requalificagao Urbana e Valorizagao Ambiental das Cidades, which is 
currently being developed and aims to create urban infrastructures as well as improving 
the environment in eighteen Portuguese cities (Portuguese Government, 1999b), is an 
example of what would have been a good opportunity for considering road safety 
issues.
Whatever approach is considered it should be comprehensive, systematic, and be 
broadly articulated within the urban context, in particular the urban transport strategy.
137
Proposed diagnostic technique applicable to Portuguese urban areas
The more specific city-wide safety objectives should be identified in Step B.4 (Section
5.4.4).
5.2.2 Financial and time constraints (A.2)
The Local Authority is recommended to identify, at an early stage, the level of funding 
likely to be available for the diagnosis part of the road safety programme (Phases A to 
D) and also for the implementing and monitoring of the road safety engineering 
measures (Phase E).
Considering the scarce financial resources available for road safety work in Portugal, to 
identify the activities ideally required to develop the programme in a given period of 
time, disregarding the financial constraints, and only then to try to gather the needed 
funds amongst different local and national, public and private organisations, might lead 
to false expectations and wasted effort. On the other hand, the lack of Portuguese 
experience with these issues makes it difficult to identify the optimal programme for 
different levels of possible funding available at the outset of the study.
Therefore, it is important to make an attempt at estimating the level of funding likely to 
be available and then develop a working plan which is broadly achievable within that 
level. Once this approach is taken, whilst it is not possible at this stage to make firm 
estimates of the costs associated with the programme, it is very important to do it as the 
programme emerges (Steps B.2 and C.2), to ensure that it is achievable within the likely 
budget. The diagnosis of urban road accidents cannot be undertaken without both direct 
expenditure for equipment, such as computer hardware and software, and staff time and 
training (Steps A.3, B.2 and C.2).
As realistic timetables are intrinsically related to the financial process, they should be 
considered simultaneously.
5.2.3 Establishment of links among professional groups (A.3)
As the programme should be based on the clear recognition of opportunities available to 
improve road safety without creating additional urban problems, the interaction and co­
operation of different agencies (Sections 4.5 and 4.6) is very important. It is useful to
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appoint early in the programme the national, regional and, particularly, the local bodies 
which should be involved and make consultations on their degree of availability to 
collaborate. Step A.3 is also concerned with the understanding of possible human 
resource constraints, and the opportunities and constraints arising from other urban 
policies being pursued in the city.
Table 5.1 sets out a list of professional groups which should be informed o f the 
likelihood of the development of an urban road safety programme. These organisations 
should also be requested to provide information on programmes which have 
implications for road safety that might have been developed in the past and not 
implemented (Step A.4 -  Section 5.2.4) and future commitments (Step A.5 - Section
5.2.5). It is not crucial to set links at this stage with organisations whose names are 
underlined.
Table 5.1 List of groups with whom links should be established
LEVEL OF COMMENTS
ORGANIZATION
• Road engineering and traffic unit (if existent)
WITHIN THE • Urban planning (and transport) Unit
LOCAL AUTHORITY • Geographic information system managers (if existent)
• Environmental agency (if existent)
ELECTED MEMBERS • Local decision-makers
• Police -  Traffic division
• Transport operators
• Transport infrastructure providers
LOCAL • Emergency services (ambulances and fire services)• Local hospital (optional!
• Residents (optional)
• Local business (optional!
• Special interest erouos (see Table 4.5! (optional)
REGIONAL • Comissao Distrital de Seguran<?a Rodoviaria (CDSR) (Section3.2.2)
• Direcgao Geral de Viagao (DGV) (Section 3.2.2)
NATIONAL • Quartel General da PSP (formal authorization for accessingroad accident database)
• Direccao Geral dos Transvortes Terrestres (DGTT! (optional!
Until Local Authorities are familiar with the development of urban road safety strategies
and programmes, it will be difficult to anticipate, at its outset, the level of human and 
material requirements as well as what is a realistic timescale. It will be necessary to 
consider these issues later in the process (Steps B.2, B.5, C.2 and stage D).
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However, it is unrealistic for the Local Authority to expect to carry out the remaining 
steps in this stage if it is not able to find the necessary resources (human and material). 
In particular, it must be prepared to set up the management and decision-making 
structure and to commit a number of members of staff (both internally and possibly 
consultants).
Naturally, there will be human and material constraints directly related to financial ones, 
and therefore it is important to know the level of funds available to allocate staff and 
tools to the project (Step A.2). Besides these, there may well be human and material 
limitations which cannot be overcome in the short-term, even if financial resources are 
available. For example, lack of professionals with experience in road accident analysis 
(human) and digital maps of the cities (material) (Sections 3.2.2, 3.2.3 and 3.3).
5.2.4 Potential inherited solutions and restrictions (A.4)
Step A.4 is concerned with exploring any studies and proposals in traffic and/or road 
accidents that might already have been developed in the city. It will also consider main 
physical features of the city, in particular the ones that can offer constraints on the 
development of the road safety programme.
Although few systematic studies have been made of urban road safety in Portugal 
(Section 3.3.1), the purpose of this stage is to assemble relevant studies which have 
been made in the past, even if  they had slightly different aims. This should help to 
create stronger support for the development of the urban road safety strategy by 
understanding previous findings and the rationale behind decisions taken in the past. 
Examples of these are traffic circulation and parking strategies. Information should be 
collected from within the Local Authority (traffic and urban planning units), and from 
other national, regional and local organisations (Step A.3 - Table 5.1), Universities and 
Research Institutes (Section 3.3.1).
The activities might also be constrained by the physical structure of the city (inherited 
from the past), by its physical disposition and by the available means of transport. The 
kinds of feature that it is worth considering at this stage are: size, general topography 
and unusual patterns of land use.
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Although not essential at this stage, it might be helpful to assemble existing information 
on public perceptions of road safety which can support a policy decision on developing 
a strategy.
5.2.5 Future prospects (A.5)
To complement the understanding of the city under analysis, it is useful to investigate 
other urban programmes and policies and changes that are likely to result from them, 
including committed land-use and transport developments, from the beginning of the 
process. Public perceptions of future opportunities and problems would be useful, but 
are not essential at this stage.
In a later stage, the suitability of the objectives and their priorities (acceptance of 
problems identified and objectives set - Section 5.7) and the assessment of solutions 
(choice of schemes -  Section 5.9) should be obtained from this information. It also 
increases the chances of proposals put forward by those concerned with other policies 
being examined for their compatibly with the safety objectives.
As in Step A.4 information should be collected from within the Local Authority, namely 
city planning and transport units, and other national, regional and local organisations 
(Step A.3 - Table 5.1).
5.2.6 Policy context for safety strategy for the city (A.6)
Steps A.2, A.3 and A.5 give an idea of the opportunities and limitations affecting the 
achievement of the general objectives established in the statement of the vision (Step 
A.1). Step A.4 helps by taking into consideration potential inherited solutions. This 
together with Steps A.3 and A.5 help the formulation of a policy on developing a safety 
strategy for the city to take account of traffic and other urban policies and cost 
effectiveness (Section 5.3). This policy should facilitate the development of the strategy 
and subsequent management of the resulting programme and make clear for the 
different organisations involved in the future, their expected contribution, in terms of 
expertise, financial support or within the decision-making process.
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It is very important that a realistic framework for developing the strategy and delivering 
the resulting programme is prepared at this stage and submitted for approval by the 
elected members (Section 5.3). The document (Table 5.2) should:
• explain the urban road safety problems within the wider context of the 
urban policies;
• describe opportunities and general objectives;
• consider financial and timetable constraints; and
• motivate the commitment of a wide range of people.
Table 5.2 Main aspects of a framework for developing the strategy and delivering 
the resulting programme
ASPECT COVERAGE
A.1 Statement of a vision Identify type of approach: proactive or reactive 
Set broad urban road safety aims of the programme 
within the wider context of the other urban policies
A.2 Financial and time constraints Estimate level of funding likely to be available for 
the diagnosis phase of the urban road safety 
programme (Phases A to D)
Estimate level of funding likely to be available for 
the implementation and monitoring of measures 
(Phase E)
Identify time constraints______________________
A.3 Establishment of professional 
links
Contacts among professional groups (Table 5.1) 
Recognise the need to allocate human and material
resources
A.4 Potential inherited solutions 
and restrictions
Assemble information on previous studies and 
proposals
Describe main physical characteristics and possible 
constraints
Investigate public perceptions of road safety 
(optional)_____________ ____________________
A.5 Future prospects Assemble information on other urban programmes 
and policies, in particular land use and transport 
Investigate public perceptions of future 
opportunities and problems (optional)___________
The policy should envisage equity among road user groups as well as delivering cost- 
effective lasting solutions (Section 3.4).
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5.3 DECISION TO DEVELOP A SAFETY STRATEGY FOR THE CITY
The first decision stage of the programme is a policy statement by elected members in 
which the Local Authority is not only signing up to the agreement of developing an 
urban safety strategy, but also assenting broadly to what this strategy and the resulting 
programme are likely to involve for the city. This decision should be based on the 
document prepared in the Step A.6 (Step A.6 -  Section 5.2.6).
5.4 CITY-WIDE STRATEGY (PHASE B)
Within this phase of the framework a safety strategy is developed for the whole city. 
The process has five steps: assembling data (Step B.l -  Section 5.4.1); allocation o f  
human and material resources (Step B.2 - Section 5.4.2); data analysis (definition of 
the existing functional hierarchy for motor vehicles, identification of vulnerable road 
users’ network, and analysis of traffic patterns and accident occurrence) (Step B.3 -  
Section 5.4.3); identification o f safety problems and objectives (Step B.4 -  Section
5.4.4); and identification o f candidate areas fo r  detailed study (Step B.5 - Section
5.4.5). As was anticipated (Section 5.1), the processes for allocating human and 
material resources (Step B.2) and identifying areas for detailed study (Step B.5) will be 
emerging from the application of this framework in a city in Portugal (Chapter 6) and 
will be described in Chapter 7.
5.4.1 Assembling data (B.l)
The analysis of current road safety problems in the city as a whole is a crucial step 
because it brings into focus the issues which the strategy should address (Step B i ­
section 5.4.3). Therefore the collection of data, in particular road accident, traffic and 
urban road environment data, is an essential requirement.
Since the city-wide strategy involves the gathering of large amounts of road accident 
data, the ways in which it is stored and presented, for example computerised or not, has 
a significant impact on the magnitude of the work involved in the following tasks: data 
collection, allocation of resources (Step B.2) and data analysis (Step B.3) (Sections 2.5 
and 3.3.2). On the other hand, once a minimum amount of detailed data that is essential
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to develop a city-wide strategy has been establish, obtaining additional data or more 
detailed data to facilitate a comprehensive analysis of road accident problems, will 
depend upon the resources available. It is advisable to deal only with data relevant to the 
current step. The initial part of this step, i.e. the identification of which data should be 
assembled, and the allocation of resources (Step B.2), should be carried out 
simultaneously.
Road accident data
At this stage the whole city should be considered, and the last three to five years 
(although these do not have to be calendar years) of basic road accident data should be 
assembled (Section 2.3 and Table 2.3), combined to create a single data set and mapped, 
preferably on a digital map.
There are two main reasons that might justify analysis of only a part of the city, even at 
this stage. The first is the size of the city itself that might make the task of analysing 
accidents spread over the whole road network so cumbersome to be hardly treatable 
with road accident information in its present form. An example of this might be the city 
of Lisbon (capital of Portugal -  Section 3.1). The second is non-availability of enough 
resources to collect, store and retrieve the road accident data, since typically in Portugal, 
in order to be able to locate accidents on the road network, data need to be collected by 
hand from police forms at the local police station. In fact, in larger cities, depending on 
the amount of data to be assembled and the available resources (human, material and 
time), it is possible to consider an intermediate level, where a well identified portion of 
the city is analysed in a first application of the proposed approach. The rest of the city 
can be dealt with in a further application of the approach when more resources become 
available.
Local Authorities are recommended to check whether road accident data that allow their 
location over the road network of the city, or part of it, could be made available by other 
sources (CDSR, university and research institute) other than the police forms at police 
stations in cities. Because this is unlikely (Sections 3.2.2, 3.2.3 and 3.3), a scheme for 
collecting these data from the police forms, and categorising and processing raw road 
accident data was designed for this study. Variables were grouped into six major 
categories: basic accident description and road type, environment, vehicle, driver and 
casualty details. The police sketch of the accident should also be copied. Table 5.3
144
Proposed diagnostic technique applicable to Portuguese urban areas
shows the variables considered within each category. When possible, the national road 
accident database, maintained by DGV (Section 3.3.2), should be used in order to 
complement the police records of injury.
Reported injury accidents should be classified as slight, serious and fatal, according to 
the most severe casualty in the accident, in accordance with Portuguese definitions 
(Section 3.1).
Coded accident data should then be introduced into a computer file designed for use in 
software for descriptive statistical analysis.
Traffic and urban road environment data
Basic traffic information, in particular general indication of flows along sections of 
roads and which routes are catering for through traffic, is required to assist safety 
analysis in the city. As the collection of traffic data increases the cost of the programme 
considerably, it should, if possible, be assembled from previous urban studies (Step A.4 
-  Section 5.2.4). Or else, information on the traffic patterns should be collected at 
strategic points of the city. Like the accident data, traffic data should also be mapped, 
preferably on a digital map (optional).
Finally, principal physical features of the city and land-use should be explored in site 
visits. Relevant information should be mapped.
5.4.2 Allocation of resources (B.2)
There are considerable benefits in terms o f efficient allocation o f resources, both human 
and material, to a Portuguese Local Authority that embarks on this kind of study, as 
resources are generally scarce (Section 3.2.2). The financial and time constraints 
identified at the outset of the programme (Step A.2 -  Section 5.2.2) will be brought into 
play at this stage as it will have great influence on the level of data collected and thus 
the analyses carried out. Although a non-technical issue, it is a crucial step. However, 
the lack of experience in the development of urban road safety studies in Portugal 
(Section 3.3) makes it difficult to provide sensible advice on human, material, time and 
consequently financial requirements without carrying out a pilot study in a Portuguese
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city (Chapter 6). As anticipated (Section 5.1), this step will be documented later on in 
this study (Chapter 7).
Table 5.3 Items of road accident data to be collected for the city-wide strategy
ITEMS DETAILS
Basic accident description
Police reference
Date
Time
Day
Freguesia (Borough)
Severity Severity: Fatal, serious, slight, damage.
Number of vehicles
Number of casualties
Location
Description
Road type
Speed limit
Junction: Type Junction: multiple, T, Y, cross roads, roundabout, other.
Link: Link:
Characteristics Characteristics: straight, curve.
Carriageway Carriageway: one-way road, single, dual.
Control at exit Control at exit: uncontrolled, give way, stop, traffic signal,
priority.
Pedestrian facility Pedestrian facility: none, pedestrian crossing, traffic lights,
pedestrian crossing with traffic lights, refuge.
Environmental details
Light Light: light, dark.
Weather Weather: wet, dry.
Vehicle details: type Vehicle: pedal cycle, motorcycle, car, taxi, van, lorry, bus, and
tram.
Driver details
Age
Sex
Alcohol test
Alcohol test result Alcohol test result: negative, positive.
Alcohol test value Alcohol test value (gram / litre)
Casualty details
Road user group Road user group: Pedestrian, pedal cyclist, motorcycle rider,
Age passenger, driver.
Sex
Severity Severity: Fatal, serious, slight.
Vehicle number Vehicle number: vehicle where the casualty was.
Sketch Copy from police record.
Other Casualty process number in the health unit.
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5.4.3 Data analysis (B.3)
The data analysis process consists of three steps: definition of the existing functional 
road hierarchy; identification of the vulnerable road users’ network; and analysis of 
traffic patterns and accident occurrence.
Definition of the existing functional road hierarchy for motor vehicles
The analysis of traffic and speed (optional) data will assist in the identification of the 
road hierarchy for the city (Sections 2.1.3, 3.3.3 and 4.2.1). In the process of the 
identification of roads in terms of their strategic importance, previous studies, in 
particular the Plano Director Municipal (Section 3.3.3), should also be consulted. Site 
visits and local knowledge are vital in determining which routes are used by through 
traffic. Allocation of roads to the functional hierarchy is in essence a matter of 
examination of detailed maps combined with visual inspection of the general nature of 
the roads, the traffic using them and the traffic conditions.
The spontaneous way the Portuguese cities have evolved (Section 3.2.1) has facilitated 
the very mixed functions of their highways, and thus it is difficult to assign them a 
single primary function. It is likely that the introduction a functional road hierarchy in 
Portuguese cities, both in theory and practice, will be a gradual process which starts 
with an initial definition adapted to the current Portuguese urban highways, and will 
evolve steadily as enhancements are gradually introduced in the road environment. The 
identification of the current functional road hierarchy and the definition of the desirable 
one in the road safety strategy will help different urban policies to focus towards the 
same aim. The existing patterns of land-use in cities will move gradually by imposing 
these principles through either slow or fast modifications, when opportunities come to 
restructure parts of the city. Even as a consequence of substantial changes, the 
theoretical model can only partly be achieved in already fully developed urban areas.
The functional road hierarchy for motor vehicles, as it can currently be adopted in 
Portuguese cities, has four levels: access roads, local distributors, main roads and 
primary distributors. Among the primary distributors it is helpful to distinguished 
between the ones with and without frontage access. Table 5.4 sets out criteria to place a 
section of road in one of the above classes. A route will henceforth designate an urban
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highway, which can be formed of one or more streets, with a certain degree of 
homogeneity in terms of layout, function and traffic patterns.
Primary distributors without frontage access are wide, high capacity roads with good 
visibility conditions, and are suitable for long distance through traffic including heavy 
goods vehicles. As the name indicates, neither buildings nor shops face these roads and 
therefore they are not suitable for pedestrian movements. The appropriate speed 
depends on the road layout and traffic conditions.
At the other extreme the predominant purpose of access roads is to access individual 
properties. On access roads, provision for pedestrians should allow them substantial 
freedom of movement. Layouts should strongly discourage both through and local 
traffic, and should allow only low speeds. Access roads often have shops on both sides 
as well as houses and apartment blocks. They have provision for vehicles to park, and to 
load and unload. Although heavy goods vehicles are discouraged on these routes they 
cannot be entirely excluded. Removal vehicles and refuse collection vehicles are 
examples of some of these occasional movements. Similarly, public transport vehicles 
use these roads in exceptional circumstances.
Between these two extremes, there are primary distributor roads with frontage access, 
main distributor and local distributor roads on which priority for motor vehicles 
decreases successively as it increases for vulnerable road users, mainly pedestrians.
The design of primary distributors with frontage access allows long distance, fast 
through traffic, but with shops and other building frontages. They also have pedestrians 
crossing for whom they ought to provide safety measures, and should satisfy needs of 
public transport. In theory, primary distributors with frontage access should not have 
parking places at all, or at least provision should be made for off-road parking. In the 
current Portuguese urban conditions it is realistic to accept that there will be a certain 
amount of parking on these routes. However necessary this may be in the short term, 
this is one aspect that should gradually be discouraged.
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Table 5.4 Functional road hierarchy for motor vehicles for Portuguese cities
ACCESS LOCAL MAIN PRIMARY DISTRIBUTOR
Pedestrians
KUAU
V M M
mSlKlUUlUK
v v v
KUAU
V
witn irontage access
V
witnout irontage access 
X
Bicycles v v v v v v v v V V X
C/5 Access to individual properties v v v v v v v V V X
o Near the beginning or end of all journeys v v v v v v v v v v V V
d *
U
E Motorvehicles
Between different parts of the urban area X V v v v v v v V
Fast moving long distance traffic X X X v v v v v v v v v v
u * Public transport: bus and/or trams V v v v v v v v V X
Stationary traffic v v v v v vvv v v V X
Heavy goods activity V v v vvv v v v v vvvvv
Speed (km/h) V  (20/30) V V  (30/40) V V V  (50) V V V V  (50) V V V V V  (60 or more)
>* Gradient M V vvv v v V V
£w Width V vv v v v v v v v v v v v v
2ow
Capacity V v v v v v v v v v vvvvv
o Visibility conditions V vv vvv v v v v v v v v v
Shops facing the road vvv vvvv v v V X
Cmwin Speed reducing measures vvvvv vvvv vv V X
Po Buildings with frontage access v v v v v vvv v v V X
Parking vvvvv vvv vv V X
Key: X No significant existence
V - VVVVV Increasing scale or relative importance in the traffic function of road
Adapted from (Institution of Highways and Transportation (IHT), 1997)
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On main roads the principle is to provide safe and efficient traffic routes connecting 
different parts of the urban area. They carry the majority of the city’s traffic into and out 
of the city centre and many public transport vehicles. They often need to allow a good 
deal of pedestrian activity.
Local distributor roads allow vehicle users to travel between their own access roads and 
main roads. They have a considerable number of pedestrians as well as motorised 
traffic. These roads often have shops and schools close by and therefore need to cater 
for vulnerable road users. They have substantial public transport importance, though 
less than the main roads. There should be developed a strong distinction between local 
distributors and access roads in terms of buildings with frontage access and parking 
provision.
Table 5.4 gives an indication on the amount of provision for cyclists on different types 
of roads despite bicycles hardly currently being used as a means of transport in most 
Portuguese cities. If in the future bicycles become part of everyday life, cyclists should 
be able to share the use of the area available on access roads with motor vehicles. 
Provision for them on other kinds of road should make it unnecessary for cyclists to use 
primary distributors without frontage access.
Traffic control at junctions is another important factor that distinguishes types of routes. 
For example, traffic signals and pedestrian crossings are mainly found on routes that 
belong to the higher levels of the hierarchy, whereas raised junctions or speed tables are 
introduced mainly on access roads and some local distributors with relatively low flows. 
Junctions are often at the interface of two types of routes and, in this case, measures 
such as entry treatments, although implemented on one o f the routes, have a role on 
both routes (Section 4.2.4).
Once routes within a city have been assigned to one of the above four categories, the 
functional road hierarchy should be indicated on planners’ and engineers’ maps of the 
city road network, if  possible using a digital man (optional). Roads at higher levels 
should form a coherent road network, whereas residential areas with their access roads 
and local distributors are often delimited by roads with mainly traffic movement 
functions.
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Identification of the network for vulnerable road users
Site visits, local knowledge and previous studies form the basis of the identification of 
the networks for pedestrians, cyclists, moped users and especially vulnerable groups, 
such as children, the elderly and people with mobility difficulties. Users of larger 
motorcycles will share roads at all levels in the hierarchy with other motor traffic.
Footways (whether alongside or separate from carriageways), pedestranised streets, 
zebra and signal-controlled crossings, footbridges and underpasses, pedestrian refuges, 
central islands, raised areas and crossings at signalised junctions, form a pedestrian 
network. Where they exist, foot-and-cycle paths are also parts of the pedestrian road 
network. They should be assessed in relation to continuity, condition, visibility, 
gradients, accessibility factors and directness. The existence and condition of public 
transport stops for proper and easy access should also be considered as part of 
pedestrian facilities.
When cycle traffic has developed in Portuguese cities, their network (cycle paths and 
lanes, foot-and-cycle paths, advanced stop lines for cyclists and separate cyclists 
signals) should also be identified.
Analysis of road accident occurrence
Two particular aspects were considered in order to create a structure which gives 
guidance on the in-depth analysis of road accidence occurrence at a city-wide level 
(Section 4.2.2): first, the need to make an initial investigation of occurrence of all 
accidents to identify location patterns and high-risk user groups (Sections 2.1.4, 2.1.5 
and 2.3); and second, the lack of resources, namely trained staff, currently available in 
Portugal for this work (Section 3.2).
At the city-wide level, a small number of important questions should be asked in order 
to form a general but clear picture of the accident situation in the city. They should 
cover five questions: what kind o f  accidents happened (injury accidents should be 
segregated by severity)?; where did accidents happen?; when did accidents happen?; 
who were involved in the accidents?; and, which kinds o f  vehicles were involved in the 
accidents?, as set out in Table 5.5.
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Data from damage-onlv accidents can be used in order to supplement injury accident 
data. However, as it is recognised that the risk of variability in reporting damage 
accidents may be greater than for injury accidents, for analytical purposes, accidents 
should be split into the two categories: injury and damage.
Table 5.5 Initial analysis o f road accident data for use in formulating the city-wide 
strategy
ANALYSES Comment
WHAT Reported accidents by severity
Severity of reported accidents 
WHERE • by road hierarchy level 
• by length of road
Damage and injury accidents should be 
mapped over the road network by road 
section on primary distributors, main 
roads and local distributors. Indication 
of the number of damage and injury 
accidents on each set of access roads 
surrounded by roads belonging to other 
levels of the functional road hierarchy.
Severity of reported accidents:
• by month 
WHEN • by day of week
• by hour and periods of the day
• in davlieht / darkness (optional)
Analysis of accident figures by hour in 
the city and knowledge of Portuguese 
lifestyle should be used as the basis for 
dividing the day into relevant periods.
Number of drivers / riders in 
different age groups: 15 and under, 
16 -17, 18-24, 25-64, 65 and over 
_ (years old)
Drivers and riders should be segregated 
into: bicycle riders, motorcycle riders, 
car / taxi drivers, others and unknown.
W11U
Severity of child, adult and older 
casualties by age: 14 and under, 15 
-  24, 25-64, 65 and over (years old)
Casualties should be segregated into: 
pedestrians, bicycle users, motorcycle 
users, car/taxi users, bus/tram users 
and others and unknown.
Severity of the accidents in which 
WHICH different numbers of vehicles were 
involved
Accidents should be segregated into: 
single-vehicle (pedestrian and non- 
pedestrian), multi-vehicle including at 
least one parked vehicle and multi­
vehicle without any parked vehicle.
Until the exact location of accidents in Portuguese cities is more systematically known 
(Section 3.3.2), accident analysis has to be carried out at city-wide level using only 
names of roads. As it is difficult to identify exact location of accidents, injury and 
damage accidents should be mapped over the road network by road section on primary 
distributors, main roads and local distributors. The map should also indicate the number 
of injury and damage accidents on each set of access roads surrounded by roads 
belonging to other levels o f the road hierarchy. Inclusion of reported accidents on access
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roads is crucial for undertaking data analysis and in particular for the identification of 
candidate areas for area-wide assessment (Step B.5 -  Section 5.4.5).
This analysis will enable the assessment of the scale and nature of road accident 
problems, in particular those that relate to particular types of road and specific dangers 
encountered by vulnerable road users.
5.4.4 Identification of safety problems and objectives (B.4)
The information gathered from the data analysis (Step B.3) and summarised in a correct 
way will be used as the foundation for identifying the safety objectives. In addition to 
the higher-level objectives, expressed in Step A .l, more specific city-wide objectives 
should be developed at this stage (Section 4.2.3). They will reflect the dominant 
accident problems in the city and may include objectives for particular routes and/or 
road user groups. For example: improve safety of pedestrians crossing main roads, 
improve safety of pedestrians on identifiable routes between houses and shops, and 
improve safety of children and the elderly. In the current state of knowledge in Portugal 
it is difficult to quantify these objectives.
The clear definition of objectives at a city-wide level is also very important for 
identifying candidate areas for area-wide study.
5.4.5 Identification of candidate areas for area-wide study (B.5)
Even if a city is willing and has enough resources to identify the problems and to design 
and deliver safety measures on its entire network in one phase o f activity, it is still 
necessary to split the work into technically and politically manageable local areas. This 
method allows:
• Tactical delivery - a balanced amount of work is delivered each year with 
fewer fluctuations in the needed staff resources and expenditures;
• Road works to be better programmed thus avoiding unnecessary 
congestion.
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So, once the problems have been identified and the specific safety objectives set for the 
city as a whole (Step B.4), the next step is to identify areas for detailed study and their 
boundaries.
Potential areas for treatment could, in principle, be identified by looking for areas, 
irrespective of geometric shape, with highest numbers of accidents in a given period, 
either in total or per square kilometre. Specific types of accident, such as the ones 
involving vulnerable road users, could help to identify the areas most likely to be 
appropriate for area-wide treatment. Such an area should ideally be one bordered by 
main traffic routes or by features such as rivers or railways. The roads within the area 
should generally be access roads, local roads and some main roads. The roads with 
traffic movement functions which form the borders should be treated as inside and not 
outside the area.
More precise advice on the identification of areas for detailed study, in the light of the 
fact that in Portugal the exact location of accident can be a laborious task, will emerge 
from the development of the case study and will be described in Chapter 7.
Regardless of the exact process, meetings involving officers of different units at local 
and regional level should take place (Table 5.1). This step should finish with a total 
mapping of all the information available so far, including identification o f possible areas 
and their boundaries.
5.5 ADOPTION OF CITY-WIDE SAFETY STRATEGY AND SELECTION 
OF THE AREAS FOR DETAILED STUDY
Elected members, to whom the work developed so far should be presented and to whom 
professional advice should be provided, will have the responsibility of deciding to adopt 
the road safety strategy, with its implications for allocation of resources. They will also 
have the responsibility of selecting areas for detailed study and phasing work in these 
areas when more than one area is selected. Their decision should then be supported by 
key organisations involved in the programme (Table 5.1).
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A city-wide strategy gives the opportunity to treat identified parts of the city in an 
appropriate order until all parts of the city have been treated. Ranking areas for detailed 
analysis should be based on poor accident records (Step B.3 - Section 5.4.3), and will 
also depend on a number of other factors, including the following:
• Financial, time and other resource constraints. The areas chosen have to be 
manageable in terms o f financial, time, staff and material commitments 
(Steps A.2, A.3 and B.2);
• Opportunity to collaborate in other on-going (or forthcoming) engineering 
programmes, such as pedestrianisation or major refurbishment of an area, 
and/or other city-wide strategies, such as protection of children or noise 
reduction. It is also an opportunity to consider the desired interaction 
between measures and any planned redistribution of traffic that can be 
realised in ways that are likely to achieve accident savings commensurate 
with the cost of the measures (Steps A .l, A.3 ad A.5);
• Technical reasons. Certain areas are easier to improve than others, 
requiring less analysis, design and implementation effort. Also certain areas 
provide quicker results, which, other things being equal, are to be 
preferred;
• Political pressure. For example, the public’s perception of road accident 
problems on the current road network can change priorities as to which 
areas should be tackled initially;
• Community coherence, which facilitates consultation. Although public 
consultation, with residents, local business and special groups (Table 5.1), 
has not been systematic in Portuguese urban initiatives, it is crucial that the 
design and implementation of local area safety schemes under the urban 
road safety strategy involves the public (Section 4.6). This practice will 
hopefully increase steadily as Local Authorities gain experience.
In the current state of knowledge in Portugal, it is difficult to quantify the extent of 
casualty reduction that could be achieved by pursuing the safety objectives identified 
(Step B.4 -  Section 5.4.4). Therefore, greater reduction of the number of casualties for 
the amount of money used (cost-effectiveness), which is another very important factor
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to take into consideration when selecting areas for detailed study, will not be able to be 
applied immediately.
Finally, tactical delivery of improvements to avoid lengthy disruption o f a big part of 
the city is essential for obtaining the support of road users and local people. Phasing of 
the work should aim to give enough time to road users to understand the merits of the 
changes and therefore obtain their support. For example, shopping areas should not be 
improved at critical periods, such as religious and city festivities.
5.6 AREA-WIDE STUDIES (PHASE C)
Once areas for area-wide study have been selected (Section 5.5), the next phase is to 
develop these studies. The elements of the city-wide strategy should then permeate the 
area-wide assessments. Areas can be analysed simultaneously or sequentially depending 
on the resource constraints (financial, human and material), and the process of 
assessment should in principle be similar to all of them.
A common rationale is followed in the city-wide strategy to identify problems and set 
objectives (Step C.4 -  Section 5.6.4) at the area-wide level, although the nature and 
extent of the data required (Step C.l -  Section 5.6.1) and the analysis needed (C.3 -  
Section 5.6.3) are different. Also, given that Portuguese Local Authorities are in the 
early stages of tackling urban road safety issues (Sections 3.1 and 3.2), area-wide 
studies should put high priority on the identification of high-risk site treatments, both 
sites and routes, as well as the recognition of their safety problems and potential for 
treatment (Sections 2.1.5, 2.2.2, 2.3, 3.4 and 5.6.4). Area-wide treatments, as a means 
of reducing the number of scattered accidents and accidents to particular road user 
groups, will become gradually more important as substantial proportion of high-risk 
sites are treated.
It is at the area-wide level that the difference between the basic framework and the 
complete version is greatest. The former includes only crucial activities that any Local 
Authority willing to develop a city-wide strategy should be prepared to develop, 
whereas the latter incorporates personal security and environmental analysis (Section 
5.1) in addition to safety. Using this approach, Local Authorities can make good use of
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the scarce human and financial resources currently allocated to road safety. At the same 
time they are encouraged, as they gain experience, to go further and incorporate 
personal security and environmental analysis. Non-crucial activities will be clearly 
identified and underlined in the rest of Section 5.6.
Because of limitations on available resources, it is even more important than in the city- 
wide strategy (Step B.l -  Section 5.4.1), that the identification of data to be collected 
above a minimum strictly needed (Step C .l- Section 5.6.1) and the allocation of 
resources (Step C.2 -  Section 5.6.2) be carried out simultaneously. The process of 
allocating human and material resources (Step C.2) will emerge from the development 
of an area-wide study in a city in Portugal (Chapter 6) and will be described in 
Chapter 7.
5.6.1 Assembling data (C.l)
The development of an area-wide assessment requires data on: road accidents; vehicle 
and pedestrian traffic patterns; public transport (bus and tram) and emergency service 
routes; location of taxi ranks; parking patterns; population per block; and urban road 
environment, including land use and road layout and maintenance conditions.
Road accident data for the area under analysis should be extracted from the data 
collected for the city-wide strategy. Further data for each area can also be collected by 
means of the same procedure used for the city-wide strategy (Step B .l- Section 5.4.1). 
Advantage may be taken of the availability of damage-only accident data to help trends 
to be identified and underlying accident patterns to emerge. However, in doing so, 
account should be taken of differences between the distribution of injury and damage 
accidents and the likelihood of different levels of reporting. Injury and damage road 
accident data for the total period considered should be combined to create a single data 
set. Again, the national road accidents database, maintained by DGV (Section 3.3.2), 
should be used in order to complement the police records o f injury accidents.
The source of information for locating accidents on the map, which is essential for an 
area-wide assessment, is the sketch existing on the police accident forms. Injury and 
damage accidents should be located in the area road network. On the map, accidents 
should be segregated into: fatal and serious (pedestrian and non-pedestrian) injury
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accidents, slight and of unknown severity (pedestrian and non-pedestrian) injury 
accidents, and damage accidents. Plotting the severe accidents is likely to give a better 
idea of the location of accidents involving pedestrians, as pedestrian casualties tend to 
be of higher severity.
To complement an understanding of the study area and its accident occurrence, it is 
essential to have an idea of vehicle and pedestrian traffic patterns on roads and at 
junctions where this is most relevant to accident occurrence. Hence, it is likely to be 
necessary to carry out traffic counts (Sections 2.3, 2.5 and 3.3.2). As they might 
consume a significant part of the resources allocated to the study (Step C.2 -  Section
5.6.2), best use should be made of information collected previously and care should be 
taken to minimise the effort required to assemble new information.
Automatic or manual traffic counts can be made to estimate the vehicular flow. The 
number and location of sites at which it may be desirable to carry out traffic counts is 
dependent on the size of the area under investigation, the form of the road network, and 
the extent of road with traffic function (i.e. length of the primary distributors and main 
roads surrounding and crossing the area). How much of what is desirable is also 
affordable to assembled depends on whether counting is undertaken automatically or 
manually, and time scale and budget available for traffic flows collection. In area-wide 
studies, this information is required both in the specific area and also along routes which 
are used by drivers going in or out and trying to avoid the area. Earlier studies showed 
(1) the importance of collecting flow information for prolonged periods both for road 
safety analysis and monitoring effects of road safety engineering schemes; and (2) that 
flows are best recorded by permanently sited automatic traffic counters working 24 
hours a day in particular on roads with traffic functions, ideally for each section 
between major intersections (Phillips, 1979). Useful information on choice, sitting, 
installation, operation and maintenance of automatic traffic counting including data 
handling is provided by British Department of Transport (1981) and Ward et al. (1982).
Junction movement surveys should be carried out at different times of the day especially 
because peak-hour movements are often tidal. Counts of turning movements at 
junctions along routes which help, for example, in the analysis of accidents involving 
left-turning manoeuvres and indicate the extent and kind of distribution of traffic within 
the area and attraction from or diversion to an adjoining area, need to be collected
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manually. In the case of complicated intersections, such as large roundabouts, video 
recording may provide a more reliable record of traffic movements, but it is extremely 
labour-intensive to analyse. Key junctions should be identified, such as: a) those on the 
boundaries of the area at which it should be possible to detect re-distribution of traffic 
on an area basis; b) those which are the main access points to the residential areas; and 
c) those within the residential areas themselves at which it may be important to alter the 
patterns of traffic movements. It is advisable to have a breakdown of traffic by vehicle 
type, such as motorised two-wheelers, cars and light vans, buses and heavy goods 
vehicles. A sketch plan of junctions (Figure A7.4) should be drawn showing the turning 
manoeuvres to be recorded and the positions of the person who counts the traffic. A 
broad estimate of the profile of weekday traffic flow over 24 hours can be produced by 
taking the mean over several weeks of hourly traffic flow as recorded by one or more 
automatic traffic counters, sited on main roads in the area under detailed study. From 
this indication the potential times of day for carrying out various traffic surveys can be 
established. Counts at individual junctions can be scheduled over the weekdays of 
several weeks to make effective use of available staff time.
Pedestrian (and possibly in the future in Portugal bicycle) movements can best be 
measured by manual counts. Preliminary surveys should be undertaken to identify the 
main pedestrian routes and crossing points. Schools, shopping areas, sports centres and 
access to public transport are possible destinations for pedestrians and their locations 
should be looked at in relation to the road system and the location of residential areas. 
In the light of these preliminary surveys and analysis of the road accident data, sites in 
need of deeper analysis will be identified. One type of survey involves dividing the 
length of road under consideration into sections. One observer per section can count the 
number of pedestrians crossing the road and, providing that flows are not too high, note 
the direction taken to the other side. Pedestrian crossings should be treated as one 
section of road. Pedestrian flows should be counted during both peak and off-peak 
periods of pedestrian activity. It is also recommended to count traffic flow 
simultaneously with pedestrian flow in order to understand whether changes in vehicle 
traffic flow affect the number and location of crossing made by pedestrians (Crompton, 
1982).
Information about current and future (Step A.5 -  Section 5.2.5) public transport (bus 
and tram) routes and taxi ranks should be found within the Local Authority. The safety
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of passengers at or on the way to or from bus and tram stops or taxi ranks should be 
considered and other issues, such as accessibility to important destinations, travel time, 
clearness of route and comfort of passengers, can be considered (optional).
Similar but more detailed site visits than the ones carried out to obtain the city-wide 
level of road environment data, urban traffic conditions and parking patterns (Step B.l -  
Section 5.4.1), should be undertaken, as they may help to reveal reasons for the 
accidents that were not apparent from the accident data alone. As the site should be 
understood from the point of view of those involved in the accidents, the use of 
photographs and videos taken at driver eye height, at pedestrian eye height as well as an 
overall view from the side or above can be an invaluable aid in the office and at public 
presentations.
Data on parking places should include information on pay-and-display, residential, load 
and unload, underground, off-street and illegal places, as well as future parking policies 
(Step A.1 -  Section 5.2.1 and Step A.5 -  Section 5.2.5).
Population data per block divided by gender and age can be acquired either within the 
Local Authority or at Instituto Nacional de Estatistica (INE).
Another important element for accident analysis is the record of modifications to the 
road features, traffic routes or street furniture within the area under detailed study, 
during the period of analysis and planned for the future (Step A.1 -  Section 5.2.1 and 
Step A.5 -  Section 5.2.5)
The use of systematic traffic conflict techniques or analysis of vehicular speed changes, 
although potentially helpful, do not seem realistic in the short term due to the scarce 
Portuguese experience and limited availability o f resources allocated to urban road 
safety.
The addition of further information, on personal security (real and perceived), perceived 
safety and environmental matters. (Table 5.6) and their respective analyses, although 
not crucial, can increase the coverage of the area-wide assessment by revealing hidden 
problems. It can also enhance the equity, integrity and acceptability o f the measures 
chosen by contributing to other urban objectives and validating the technical analysis of
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current problems against subjective information, such as public perceptions of the 
problems. Finally, whilst it is optional to collect and analyse these data, a city is 
strongly recommended to do so if it has adopted a policy on any of the listed issues. For 
example, if  a city has a tourism policy in the area that is being studied, aesthetic 
analyses become important.
This step finishes by presenting all data assembled graphically and numerically against 
the defined road network. If the use of a digital map is viable, it is important that all 
data are linked on the same map. Mapping makes it easier to analyse data (C.3 -  Section
5.6.3) and to identify the extent of problems and the objectives in the area (Step C.4 -  
Section 5.6.4).
Table 5.6 Additional (optional) data to collect for the area-wide study
ADDITIONAL DATA (optional)______ COMMENTS________________________
Personal security / perceived risk and safety / This information should always be used with
likely reaction to future changes care, as it will usually contain subjective
• Public surveys, interviews and elements.
questionnaires
Environmental data
• Noise
• Air pollution fdust. dirt, smoke and fumes)
• Vibration
• Fuel consumption
• Severance (especially concerning vulnerable 
road users!
• Aesthetics
Most parameters can be recorded, either as 
measurements or as calculated estimates. 
However, as it is costly and time-consuming 
to perform measurements, estimates can be 
used to a large extent. Prediction models can 
be used to estimate fuel consumption, 
emissions, road noise and air quality. Models 
use traffic data (composition, density, speed) 
and street characteristics (Section 4.5)._____
5.6.2 Allocation of resources (C.2)
The lack of experience in urban road safety projects in Portugal (Section 3.2.2) together 
with the nature and extent of data required to carry out each area-wide study (Step C.l -  
Section 5.6.1) makes the allocation of resources a difficult issue. Advice on how to do 
this will be given in Chapter 7, helped by experience gained in the pilot study carried 
out in a Portuguese city (Chapter 6).
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5.6.3 Data analysis (C.3)
The data analysis process consists of three steps: comprehensive definition of the 
existing functional road hierarchy; identification of the vulnerable road users’ network; 
and analysis of accidence occurrence.
Definition of the existing functional road hierarchy for motor vehicles
The functional road hierarchy identified at city-wide level, together with traffic surveys 
and traffic speeds (not compulsory) should lead to a comprehensive identification of the 
functional road hierarchy within the area, which should be mapped.
Identification of network for vulnerable road users
The vulnerable road users’ network identified at city-wide level, together with 
pedestrian counts and additional site visits should lead to a comprehensive identification 
of the networks for vulnerable road users, which will initially be a network of routes for 
walking. Perhaps in the future, when cycle traffic has grown in Portuguese cities a 
network of routes for cyclists ought also to be defined. Motorcyclists are assumed to use 
the same routes as other motor vehicles.
Identification of routes for public transport
Local knowledge forms the basis of the identification of the bus and tram networks and 
of taxi ranks. This information might need to be complemented by site visits and/or data 
from Direcgao Geral dos Transportes Terrestres (DGTT).
Analysis of road accident occurrence
The road safety problems identified for a city as a whole (Step B.4 -  Section 5.4.4), 
should be taken into account in the area together with more specific traffic and road 
accident data. In order to identify local problems, analysis of accidents should be carried 
out on an area-wide basis. Therefore, these analyses start from the same general 
questions as were posed at city-wide level (0), but more specific attention is applied to 
the exact location of accidents. In addition, further analyses are to be carried out as 
summarised in Table 5.7.
Data from damage-only accidents can also be used in order to supplement injury 
accidents. For analytical purposes, accidents should be split into the two categories
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(injury and damage), due to the likely higher risk of variability in reporting damage 
accidents and their different distribution.
Table 5.7 Initial analysis of road accident data for use in formulating the area-wide 
study
ANALYSES Comment
Reported accidents by severity by 
year
Severity of reported accidents 
§  • by functional road hierarchy 
^  level
• exact location
The source of information for locating accidents 
on the map should be the sketch existing on the 
accident forms. Road accidents should be located 
in the area road network. On the map, accidents 
should be segregated into: fatal and serious 
(pedestrian and non pedestrian) injury accidents, 
slight and unknown severity (pedestrian and non­
pedestrian) injury accidents, and damage 
accidents.
Severity of reported accidents:
• by month
• by weekday
• by period of the day
• in daylight / darkness (optional!
The same periods 
strategy analysis.
as used for the city-wide
Number of drivers / riders in 
different age group by functional 
road hierarchy level: 15 and under, 
16-17, 18 -24, 25 -  64, 65 and over 
(years old)____________________
Drivers and riders should be segregated into: 
bicycle riders, motorcycle riders, car / taxi drivers, 
others and unknown. For completeness one of the 
groups considered were the bicycle riders, 
although their number is generally small.________
Severity of child, adult and older 
casualties by functional road 
hierarchy level and by age: 14 and 
under, 15 -  24, 25 -  64, 65 and 
over (years old)________________
Casualties should be split into: pedestrians, 
bicycle users, motorcycle users, car/taxi users, 
bus/trams users and others. For completeness 
one of the groups considered was the bicycle users 
although their number is generally small.________
fflU
S '
£
Severity of the accidents in which 
different numbers of vehicles were 
involved
Accidents should be segregated into: single­
vehicle (pedestrian and non-pedestrian), multi­
vehicle including at least one parked vehicle and 
multi-vehicle without any parked vehicle. The 
importance that parking policies have been 
assuming in Portuguese cities (Section 3.2.2) 
justifies analysis of accidents involving parked 
vehicles.
Types of vehicles involved in 
accidents
Vehicles were segregated into:
• type of vehicle involved in single-vehicle 
accidents
• types of vehicle pairs involved in two-vehicle 
accidents
• types of vehicles involved in more than two- 
vehicle accidents
Severity of accidents involving a left-tum 
manoeuvre by functional road hierarchy 
level.
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Environmental analysis (optional)
Initially, in the current Portuguese context, it is likely that environmental analyses will 
only be performed if  the city has a strong policy on environmental issues. Therefore, 
these analyses will be, at least at first, discretionary.
Key information on the data required is given in Table 5.6. Environmental impacts of 
traffic can generally be recorded either as measurements or as calculated estimates. It is 
costly and time-consuming to perform measurements, therefore prediction models, 
using traffic data (composition, density, speed) and street characteristics (width, 
distance from centre point of street, gradient, pavement type and junction control), have 
been used to a large extent. Aesthetics and severance concerning vulnerable road users 
can be assessed by visual examination and giving “marks” to the individual road-space 
elements. Further guidance on assessment of the environmental impact of traffic is 
available in extensive literature (Section 4.5).
Parameters should be mapped in a clear and understandable way, so that the main 
features of this situation are apparent for all involved, including non-experts.
5.6.4 Identification of safety problems and objectives (C.4)
The information gathered from the area-wide safety analysis and, if  required, along 
specific route lengths and at single sites (Step C.3), including the current functional road 
hierarchy and networks for vulnerable road users and public transport, should form the 
basis of the identification of the safety problems within the area. If environmental 
analyses (optional) have been carried out, they will reveal wider problems that traffic 
might be currently generating and so should also be addressed. The use of databases 
associated with digital maps and graphics software (optional) allows easier and quicker 
analysis of the problems.
In-depth road accident analyses enable the identification of any disproportionately high 
occurrence of particular types of accidents and of disproportionately high involvement 
of particular kinds of road users in accidents. Accidents should be grouped initially by 
type of conflict or class o f road user involved (Sections 2.1.4, 2.3, 4.2.2 and Table 5.7). 
Accident data can be organised in tables by specific variables included in the initial 
input data (Table 5.3), e.g. by age group, time of the day and number of vehicles
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involved in the accident. Analysis of total values and proportions help to identify the 
broad patterns of accident occurrence, e.g. how accidents were spread over time and on 
different levels of the road hierarchy, and who were the road users most commonly 
involved in accidents.
Previous research (Section 2.1.4 and Hutchison and Mayne, 1977) shows that numbers 
of road accidents up to about 100 can be regarded as Poisson variates for analysis 
purposes. Therefore, statistical tools, such as the chi-squared test, can help to establish 
the significance of the difference between observed frequencies. In other words, chi- 
squared tests can be applied to show whether the differences between frequencies are 
likely to be due to random fluctuation or are likely to reflect a real problem associated 
with accident types or classes of road user. Different percentage probability values show 
different levels of likelihood of the existence of a real problem. In this study these 
different levels will be described by the words in Table 5.8, except that more cautious 
wording will be used in circumstances where it is known that this interpretation of the 
probability would overestimate the likelihood.
Table 5.8 Interpretation of the results of the chi-squared tests in terms of likelihood
of real difference
Percentage probability (confidence level) % <5 (>95) <10 (>90) <20 (>80)
Interpretation Likely Possible Indicated
(clear evidence) (good indication) (some indication)
The question of the statistical significance levels in road safety research is discussed by
Sabey (1991). In her own words:
“Too often research findings are reported as being significant or 
non-significant, as though there is some rigid dividing line, 
usually taken as the 5 per cent level. What the practitioner needs 
to know is the actual significance level, and since relations are 
not exact, the limits within which results can be confidently 
predicted. He can then decide what chance he is going to take in 
determining whether to implement the results of the research.
Economic, social or other considerations will also govern the 
decision on taking action. In some cases, for example in 
application of low cost safety schemes where there may be 
pressure for action, and little is to be lost in taking an outside 
chance, it may be desirable to accept “indicative” levels of 10 or
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even 20 per cent, or quite wide bands within which predictions 
may lie.” (p. 115)
In practice, the literature records a number of publications and guidelines to 
practitioners in which the same type of cross-tabulation analysis and interpretation of 
results is suggested. One example of such a publication is: A guide to road safety 
engineering in Ireland (Irish Department of the Environment, 1996, in particular its 
Chapter 8 and Appendix 2).
When accidents numbers are over 100 and when numbers of casualties and vehicles (as 
distinct from accidents) are being analysed, caution is required in interpreting the results 
of the chi-squared tests in terms of likelihood of real difference because in these 
circumstances variances are somewhat greater than Poisson.
Road accidents should also be located on the road network as accurately as possible. 
The plot showing this information should depict different accident types with symbols, 
such as accidents involving pedestrians, children, two-wheeled vehicles and left-turning 
manoeuvre. The current functional road hierarchy, networks for vulnerable road users 
and public transport and traffic flow patterns (Step C.3), together with additional 
(optional) data on traffic speed, pedestrian counts, public perceptions of safety, personal 
security and likely reaction to future changes can serve to support and supplement the 
technical analysis of current problems (Step C .l) or may indicate the need for extra 
caution in interpreting that analysis. This will assist the study of points or sections of 
road where there is conflict between functions within the network, and the identification 
of particular problems that relate to specific road user groups or particular classes of 
roads or particular mismatches between road layouts, functions and traffic levels. 
Further site visits might be needed to improve understanding of the visual perception 
problems experienced by road users in the area.
The area-wide problems identified might justify route length or site-specific 
investigations to determine whether there are common factors in the accidents occurring 
throughout the length of the route or at a location, respectively, that are susceptible to 
treatment. Although routes and single sites might separately need to be analysed in 
more detail, not all engineering safety measures will necessarily be implemented at the 
location where problems occurred (Step D.l).
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The precise traffic safety problems (experienced by classes of road users or types of 
vehicles on certain classes of roads) should be defined in terms of area-wide problems, 
route problems and site-specific problems, to help in setting road safety objectives for 
the area. These objectives should be cross-referenced to the city-wide road safety 
objectives (Step B.4) and will usually combine both traffic management aims and the 
treatment of dominant accident patterns. They can be stated in terms of reduction of 
particular types of accidents (involving specific groups of road user or types of vehicle), 
or certain parts of the area or classes of roads. The road safety objectives are also 
important for the subsequent monitoring process (Phase E).
Mapping both traffic problems and safety objectives provides technical staff, elected 
members and communities with their visualisation in an explicit, rather than abstract 
form, and can assist in the acceptance o f problems identified and objectives set stage 
(Section 5.7).
5.7 ACCEPTANCE OF PROBLEMS IDENTIFIED AND OBJECTIVES SET
The involvement of elected members and key organisations (Table 5.1) in the decision­
making process is very important to delivering a successful programme. At this point, 
however, when the stated problems and objectives will be used as a basis for justifying 
solutions, i.e. engineering measures to be implemented, it is crucial to seek the views 
from other members of the public, such as residents, shoppers and users o f roads in the 
area. This is an important way of helping to avoid real problems being overlooked and 
inappropriate measures being pursued.
Public consultation on these issues, which is not common practice in Portuguese cities, 
will most likely face some resistance as it implies shifts in power, resources and 
priorities. However, the identification of the community needs and requirements can be 
decisive in increasing Local Authorities’ ability to undertake urban road safety 
programmes that local people will accept and with which they will work. Whereas up 
until this stage of the process local communities might only be informed, now they 
should be invited to participate through the organisation of public presentations with 
genuine opportunities for feedback.
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Public consultation is bound to be simple at first, but it should gradually become more 
comprehensive and frequent as Local Authorities gain experience. By the end o f this 
decision stage of the programme, elected members, key organisations and communities 
will need to agree with or at least acquiesce in the problems identified and objectives 
set. This will provide a starting point for subsequent consultation about schemes 
designed to achieve the objectives.
Ultimately it should be a political judgement what weight is given to the views of 
different groups, as well as how to balance problems and prioritise the safety objectives.
5.8 INVESTIGATION OF MEASURES (PHASE D)
Engineering measures will then be chosen with a view to solving the problems 
identified and achieving accident reductions in accordance with the set safety objectives 
(Step C.4 - Section 5.6.4).
5.8.1 Identification of relevant schemes (D.l)
The identification of relevant schemes has two parts: the definition o f an enhanced 
functional road hierarchy (Section 2.1.3) and the identification of low-cost safety 
engineering measures that emphasise the road hierarchy and address site-specific 
problems (Sections 2.2.2, 2.3, 3.4 and 4.2.4). The proposed functional road hierarchy 
should be designed so that mutually incompatible functions are, as far as is practicable, 
separated onto different roads, and that the network as a whole provides safety and 
convenience for the desired mixture of its uses. The proposal for a new functional road 
hierarchy in an area has to take into consideration its consequences for the rest o f the 
city and the spare capacity that routes have. The identification of relevant measures 
should be based on three principles:
• reinforce the road hierarchy to direct traffic from access roads onto roads 
with traffic functions, by influencing route choice and flows;
• improve traffic flow and safety on roads with traffic movement functions 
by influencing route choice and flows, and protecting vulnerable road 
users; and
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• moderate the speed of motor traffic, by influencing choice of vehicle 
speeds.
Some individual measures can help to achieve more than one objective. The measures, 
which do not necessarily have to be implemented at locations with an accident history, 
should be designed in combination, although the nature of this combination depends on 
characteristics of the area and the nature of the problems to be overcome. Although it is 
intended to treat the accident problems throughout the whole of each area, it should be 
possible to address these problems mainly by treating selected roads (Section 4.2.4). 
The effective combination of measures to form area-wide schemes has three main 
potential advantages:
• measures complementing one another in the objectives to be achieved;
• helping the financial balance of the scheme, by choosing a mixture of 
measures with lower and higher capital and maintenance costs;
• gaining public acceptance, by demonstrating clear benefits to all road users 
affected.
Road safety engineering measures also need to take into account the difficulties 
experienced by different kinds of road user (Sections 2.1.3 and 2.1.4) and should be 
supplemented with educational, training, publicity, encouragement and enforcement 
actions (Sections 2.1.2 and 3.2.4).
Little implementation and associated evaluation of schemes has been undertaken so far 
in Portugal (Sections 3.2 and 3.3). As a result, the recommendation of measures to be 
applied in Portuguese urban areas (Table 5.9) is based mainly on the corresponding 
information for other countries (Table 4.7) and the author’s assessment of the current 
Portuguese political, social and cultural context (Section 3.2.5). The absence of a legal 
framework that supports the implementation of engineering measures on the highway 
makes it necessary to avoid using several of these measures, such as chicanes and roads 
humps, in order to protect Local Authorities from being prosecuted for possible vehicle 
damage or road user injury (Section 3.2.2). Table 5.9 sets out an inventory of measures 
that could be applied in practice immediately together with an assessment of their likely 
effectiveness, represented by a number of ticks associated with each measure. It is
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assumed that factors such as relative cost and ease of implementation and maintenance 
will be similar to those in other countries. However, there is likely to exist a big 
difference, at least initially, in the levels of public support and political acceptance for 
different measures. There is no local evidence about the expected level of reduction in 
accidents and the compatibility with other urban objectives. All these factors, however, 
should be evaluated in the future and recommendations should be updated accordingly.
Table 5.9 (based in Table 4.2 - Section 4.2.4) shows that it is not normally appropriate 
(X) to implement road engineering measures, such as chicanes, road narrowing, ramps 
and entry treatments - neither on access roads nor on roads with traffic movement 
functions. This is due to the absence of legal framework that supports their 
implementation in Portuguese highways, as has already been discussed.
It is expected that low-cost measures with high potential for accident reduction such as 
control of movements at junctions, area-wide speeds limits, road markings and 
pedestrian crossing facilities, will initially be more readily accepted by local 
communities because they will not have such a strong visual impact. As these measures 
are being implemented, public awareness of road safety issues and acceptance of 
inconvenience is likely to increase. It is expected that communities will then be more 
prepared to accept chicanes, speed control humps, cushions and ramps, when the 
Portuguese law allows these other kinds of measure. These measures, although visually 
more intrusive, allow better accessibility to properties than road closures and might 
have a beneficial aesthetic and environmental impact in residential areas. Their 
introduction may be a gradual evolving process, as has happened in other countries 
(Section 2.2).
The diagnosis part of a city-wide strategy ends with the identification of parts o f the 
road network which do not meet the demands made upon them. Alternative proposals 
for changes to the current functional road hierarchy will assist the choice of schemes to 
create the desirable road hierarchy, to make the roads in that hierarchy safer, and to 
meet the objectives set for each area in the city that requires an area-wide study. 
Alterations to the functional road hierarchy often require that considerable parts of a 
city are analysed and adapted, which may well be a lengthy process. In the meantime, it 
may be beneficial to implement localised engineering solutions at identified high-risk 
locations relatively quickly, and this should achieve an effective short-term
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improvement. The identification of relevant schemes is then followed by the choice, 
implementation and monitoring of the schemes.
Table 5.9 Road safety countermeasures for use in Portuguese urban areas
ROAD SAFETY MEASURES Accessroads
Local
Roads
Main Roads 
and
Primary distributors
Cd P Passive influence Advisory route signing X v v vvv
“ z Capacity reduction Road closure (at a point) 1 VVV - vv X
y  w a S
0 0  z S
Restricted entry Access only prohibition Width restriction (at a point)
v v v
X X
X
X
Prohibited turn v v v v V V V
Mandatory movement v v v v V V
u  9
** §  
5  C/3
Movement Signs
Changes in priority +1 v v V
control at Traffic signals
Ed Ed
M
junctions No entry v v v v v V
One-way operation vvv v v v v
Central island v v v v
H
z
Speed limits Area-wide speed limit (inc 20 mph zones) 
Localised speed limit
vvv
V
v v v
v v
v v
v v
Ed Control at junctions Roundabout control V >w*
Ed
O Horizontal
alignment
modification
Horizontal curvature
Chicanes
Road narrowing
v v
X
X
v v
X
X
V
X
X
Q Shared surface v v v V X
Ed
EdE
C/3
Road surface 
modification
Ramps
Rumble strips
Speed control humps and cushions
X
X
X
X
v v
X
X
vvv
X
rs Restricting vehicle traffic movement Pedestrianisation vvv X X
ta <
° 2  z  *
O  w  c/3
Peninsula
j . .  Zebra crossingPedestrian crossmg „
3  facilities Pelican crossmg
X X
Pedestrian phase signals 
Refuges and islands 
Raised junction or speed table 
School crossinp natrol
mam
x
Restricting pedestrian l i g p l 
movement___________Pedestrian guardrail
V
x
I  V V V l 
x
V vv
■ 1  U s
U  c/3  
2 : Ed
z  u  cd >
C  Ed
£ O
Street lighting
Road sings and markings
Entry treatments
Gateway
Anti-skid surface
Flashing lights at schools
vvv
vvv
X
vvv
vvv
X
Removal o f road side objects (inc urban furniture at junctions)
V vvvV vv
V vv
rvvi
V ' W
Key: X Not normally appropriate
V In some circumstances effective 
V V In a wider range o f circumstances effective
VVV Especially valuable
Lower capital and maintenance cost
SSSS!
Hisher capital and maintenance cost
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5.9 CHOICE OF THE SCHEMES
Choice of schemes to be implemented requires the evaluation of the potential of the 
various local area safety schemes that have been identified as relevant. The method and 
detail of the evaluation process should be decided by the Local Authority according to 
its experience and resources available. Initial evaluation of the methods should be 
simple and should gradually become more comprehensive as Local Authorities gain 
experience. The chosen scheme should be cost-effective, equitable and provide lasting 
solutions.
Once measures that solve the problems and meet the objectives have been technically 
identified (D.l -  Section 5.8.1), views of the public acknowledged and availability of 
funds assessed, elected member can give political commitment to preferred schemes, 
helped in their decisions by the results of evaluation. Although in Portugal it is not a 
statutory requirement to involve public in the development of a road safety programme, 
public endorsement is key for success and therefore is recommended (Section 4.6).
5.10 IMPLEMENTATION AND M ONITORING (PHASE E)
The implementation of schemes requires appropriate phasing of the actions and 
roadworks (Section 4.3). In determining the phasing it is necessary to reconcile the ideal 
sequence of implementation of different measures forming parts of the scheme with the 
flow of funding and the need to avoid unnecessary disruption. In the implementation of 
the area-wide schemes the Local Authority either uses its own work force or appoints 
contractors, as it does for other road schemes.
Local Authorities should monitor their schemes, at least in terms of accident occurrence 
and changes in traffic patterns, to ascertain whether they are having the desired effects 
or they require adjustments. Sharing the results of the monitoring will also help to 
assess effects of road safety measures in Portuguese urban areas. Monitoring other 
aspects such as local environment and public acceptance, and carrying out economic 
evaluation are also very important, but will need to be introduced gradually according to 
available resources and Local Authorities’ experience. But each Local Authority needs
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to establish a basic monitoring system at the outset and continuously update it (Section
4.4).
5.11 CONCLUSIONS
In this chapter, the knowledge of current Portuguese conditions (Chapter 3) and the 
literature and experience of other countries (Chapter 2), in particular the urban safety 
management philosophy (Chapter 4), have been used to develop a methodology for the 
systematic diagnosis of urban road accidents in Portugal, as far as can be foreseen 
before its application in a pilot study (Chapter 6). The methodology addresses four main 
phases: the initiative {policy context); the analysis of the city as a whole (<city-wide 
strategy); the analysis of areas within the city {area-wide studies); and, the search for 
solutions {identification o f  relevant measures). It also deals with decisions that need to 
be made between these phases (decision stages). The methodology is structured in the 
form of a list of short-term actions within a long-term framework. At the end of this 
description, the subsequent activities to the diagnosis {choice o f  suitable schemes, and 
implementation and monitoring) are also briefly described.
The general objective of the methodology is to contribute to the improvement of urban 
road safety in Portugal, by providing the Local Authorities with a tool which supports 
the decisions regarding corrective measures in the road environment which will reduce 
the number and severity of accidents. This methodology aims to help reducing inequity 
amongst areas within cities and amongst road users, whilst motivating wide 
participation of professionals and the integration of road safety within other urban 
objectives.
The next chapter describes the application of the methodology for systematic diagnosis 
of road accidents in a Portuguese city which will allow the methodology so far to be 
tested and where necessary adapted, and remaining gaps in the methodology to be filled.
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6 CASE STUDY: APPLICATION OF THE PROPOSED URBAN 
ROAD SAFETY DIAGNOSTIC TECHNIQUE
This chapter reports on the preparation and development of the first urban road safety 
strategy in a Portuguese city. The study, based in Almada, is used to test the 
applicability in practice of the methodology proposed in Chapter 5, to gain depth of 
understanding of some of its steps, and to modify the initially proposed method where 
necessary in the light of the experience. Data for the exercise were collected in-situ and 
an in-depth accident investigation was carried out to assess the scale and nature of road 
safety and associated traffic problems.
The study has involved a comprehensive examination of the current functional road 
hierarchy and an appraisal of the accident situation in Almada. The chapter explains 
what data have been collected and describes an in-depth investigation of over 1 500 
police-reported accidents in Almada over a one-year period. The results of these 
analyses are then used in an area-wide study that has been made in a specific area o f the 
city called Cova da Piedade, using data for over 350 road accidents over a two-year 
period. The aim of the area-wide study was to examine the way in which the traffic 
demands of the area are being met and the potential for the reduction of less safe 
movements, and for making movements in general safer. The information gathered from 
the problem assessment has been used as the basis for identifying safety objectives for 
the area.
The analysis offers some insight into the identification of the particular limitations of 
road accident data in Portugal, and an understanding o f the specific dangers encountered 
by vulnerable road users in Almada. The chapter presents and discusses the results.
6.1 CITY OF ALMADA, IN PORTUGAL 
Description of the city
The traffic and road safety issues in Almada are related to:
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• its geographic location,
• its proximity to Lisbon, and
• its urban characteristics, such as population, dimensions and economic activity.
Figure 6.1 Location of the city of Almada
Almada belongs to the Municipio de Almada - Distrito (County) de Setubal and it is one 
of the cities within the Metropolitan Area of Lisbon. It covers approximately 16 square 
kilometres and has six boroughs (freguesias): Almada, Cacilhas, Pragal, Cova da 
Piedade, Feijo and Laranjeiro. The city borders the River Tagus, facing the City of 
Lisbon (Figure 6.1). It has an important ferry terminal with frequent services to Lisbon 
and other neighbouring cities. A main route (IP 1) o f the national road system, which is 
one of the two entrances to Lisbon from the south over the River Tagus, is tangential to 
Almada. On a lower deck of the same bridge (Figure 6.2) run double-decked trains 
linking the two banks. Due to its geographic situation, Almada has also traditionally 
been utilised as a through route and interface city for other localities o f the Lisbon 
Metropolitan Area. As a result of its proximity and easy accessibility to Lisbon, a large 
proportion of its population work in Lisbon every day.
Almada has approximately 50 000 households, and a population o f around 90 000 
(Instituto Nacional de Estatistica (INE), 2001). Being a very old city, its urban layouts 
show influences of different historical stages, from the very narrow organic streets near 
the small castle and the historic city centre (Figure 6.3) to the dual carriageway routes of 
the 1970s with their surrounding high-rise residential developments. Recently, the new
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rail link to Lisbon together with the planned light tram system has created a 
considerable number of new urban developments in less consolidated parts of the city. 
Administration and services are the main sectors of activity in Almada.
Figure 6.2 Bridge over the river Tagus (Ponte 25 de Abril)
Figure 6.3 Street in the historic city centre in Almada (Rua Latino Coelho)
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There are street parking spaces, some of which are pay-and-display, and two 
underground car parks, but there is also extensive parking on footways and double- 
parking, in particular in high density developed and populated areas o f the city (Figure
6.4).
Figure 6.4 Double-parking (Rua D. Joao de Castro)
Road markings on the carriageway are rare and poorly maintained.
6.2 POLICY CONTEXT (PHASE A)
Steps A.l to A.6 will contribute to developing an understanding of the general road 
safety and related issues in the city.
6.2.1 Statement of a vision (A.1)
The main aims of carrying out the diagnosis of the road safety problems in Almada are: 
to test the applicability in practice of the methodology proposed in Chapter 5; to gain 
depth of understanding of some of its steps; and to modify the initially proposed method 
where necessary in the light of experience. Therefore, the improvement of urban road
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safety is the main incentive for the development of the road safety strategy (proactive 
approach).
6.2.2 Financial and time constraints (A.2)
The scope of the case study is affected by financial and time constraints of the four-year 
research project, developed at the Centre for Transport Studies - University College 
London, of which it forms part, and by the level of assistance provided by the city. An 
understanding of typical financial, time and human resource requirements of the 
diagnosis process, to be recommended to Local Authorities in Portugal, will emerge 
from the conduct of the fieldwork and analysis and is described in Section 7.4.3.
6.2.3 Establishment of links among professional groups (A.3)
Links were established with a range of organisations. They provided local knowledge, 
authorisation for accessing different types of data and support in mapping part of the 
data. Table 6.1 shows the institutions involved and describe briefly their involvement.
It was not possible to access medical information about road accident casualties who 
required either medical treatment or detention in hospitals. This was due to both data 
confidentiality and the fact that data on road accident victims are not kept separately 
from general medical records.
6.2.4 Potential inherited solutions and restrictions (A.4)
Three main studies were assembled at this stage: Plano Director de Almada (Camara 
Municipal de Almada, 1991) (Section 3.3.3); Estudo de Estacionamento e Circulagao 
de Almada (Cooperativa de Investigafao Servifos e Estudos para o Desenvolvimento 
(CISED), 1993); and Acessibilidades 21 (Transitec Portugal, 2002a, 2002b), which are 
studies of parking and traffic flow in the city of Almada.
The main physical and urban characteristics of Almada were described in Section 6.1.
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Table 6.1 Institutions involved in the urban road safety strategy in Almada 
INSTITUTIONS Involvements
Within Local Authority:
• Road engineering and traffic unit Divisao de Trdnsito. Local knowledge, access 
to data, and provision of vehicles and driver.
• Urban planning (and Transport) Unit Divisao de Estudos e Planeamento. Local 
knowledge, help with mapping some data, and 
support with logistic and space for meetings 
between institutions.
• Geographic information system Servigos Municipais de Almada (SMAS).
managers Access to digital maps - GIS of Almada 
CSIGMA)
• Environmental agency: GENEAL GENEAL. Local knowledge.
Elected members Presidencia (Mayor). Authorization and 
support for developing the study in Almada.
Local level:
• Police -  Traffic division Policia de Seguranga Publica - Divisao de
Trdnsito de Almada (PSP- DT). Access to road 
accident data, local knowledge, and support for 
exact location of road accidents
• Local hospital Hospital Garcia Horta. Request information 
about casualties.
• Other hospitals Hospital Militar Principal; Hospital Distrital 
de Setubal; Hospital S. Francisco de Xavier. 
Request information about casualties.
Regional level:
• Comissao Distrital de Seguranga 
Rodoviaria (CDSR)
Access to regional (county) road accident 
reports.
National level:
• Direcgao Geral de Viagao (DGV) Access to some data from the national accident 
database. Access to the library.
• Quartel General da PSP Formal authorization for accessing road 
accident database.
6.2.5 Future prospects (A.5)
Other areas of pay-and-display parking and more underground car-parks together with 
redevelopment of the ferry terminal area, re-use of the old shipyards, and tourism 
improvements by the castle and close to the river, are some of the future plans in 
Almada.
Two further major projects are currently under development. One is the relocation of 
one shopping centre (Pao de Agucar) from the centre of Almada to just outside the city. 
In the future the space currently used by Pao de Agucar will be a Conference Centre. 
Some road layouts are being changed as a consequence. The other project is the
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introduction of a light tram link on the south bank o f Tagus River. The light tram 
network will have four lines, three of which will cross the city o f Almada (Figure 6.5).
Figure 6.5 Map of the light tram network (four lines) and indication o f the location 
of the city o f Almada
6.2.6 Policy context for safety strategy for the city (A.6)
In a typical study for a city, at this stage a report should be prepared and presented to 
elected members (Section 5.2.6) stating the objectives o f the study (Step A .l), the 
existing limitations (Steps A.2, A.3 and A.5) and recognising the existence or otherwise 
of potential inherited solutions.
6.3 DECISION TO DEVELOP A SAFETY STRATEGY FOR THE CITY
At this stage based on the information assembled and support given by organisations at 
different levels (Steps A.l to A.6), it was decided to carry out the diagnosis of safety 
problems in Almada, by developing an urban road safety strategy following the 
methodology proposed in Chapter 5.
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6.4 CITY-WIDE STRATEGY (PHASE B)
The process for developing a city-wide safety strategy consists of four steps: assembling 
data (Step B.l -  Section 6.4.1); data analysis, in particular, definition of the existing 
functional road hierarchy for motor vehicles, identification of network for vulnerable 
road users and analysis of road safety problems (Step B.3 -  Section 6.4.3); identification 
of safety objectives (Step B.4 -  Section 6.4.4) and the identification of candidate areas 
for detailed study (Step B.5 -  Section 6.4.5).
6.4.1 Assembling data (B.l)
In order to be able to assess the scale and nature of road safety problems in the city good 
data are needed. The quality of analyses that are possible depends largely on the road 
accident, traffic and urban environmental data available.
Road accident data
The scheme for collecting information from the police forms at the police station, 
categorising and processing raw road accident data, which is described in Section 5.4.1 
(Table 5.3) was applied in Almada.
Details of the injury and damage accidents reported to the police in 1996, excluding 
information on recorded accidents that occurred in car parks, inside ferries or outside 
the city of Almada, were obtained from written police accident forms at the police 
station in Almada.
The year 1996 was selected because it was the most recent year which had information 
on the location of injury accidents available on the national database when this part of 
the study began in 1999. The short time period (one year) o f injury and damage road 
accident data was adopted in the light of limited resources available for data extraction 
and difficult access to road accident data, and illustrates the effect of resources 
constraints on the quantity and quality of data collected (Step B.2 -  Section 5.4.2).
Not being able to assemble the last three to five years of road accident data, as it was 
recommended in the initially proposed methodology (Step B.l -  Section 5.4.1), has 
affected the level of detail of data analysis and the accuracy with which the problems
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were identified. Discussion of the problems which emerge from conducting the 
fieldwork with restricted data and the approach to be recommended for Local 
Authorities in developing a typical road safety strategy is provided in Sections 5.4.1, 
5.6.1, 7.3.3 and 7.4.2.
The author copied information on each accident to a form especially produced for the 
purpose. Figure 6.6 illustrates the form and the way information was recorded. The 
sketch of each accident was copied from the police form to the back of the form 
illustrated in Figure 6.6. The national road accident database was used in order to 
complement the police records of injury, though not always successfully. Results from 
this exercise showed that information on accidents in the police records was not always 
consistent with information in the national database, and it was not always the case that 
recorded information existent in one system is present in the other (Section 7.3.3 and 
7.4.2).
Coded accident data, from forms (Figure 6.6), were then introduced by the author into a 
file designed in the software for statistical analysis SPSS. In the absence of an accident 
analysis system in Portugal, SPSS was selected because it is a well established 
statistical and data analysis package, with a wide range o f facilities for data 
manipulation offering many procedures for statistical analyses, which is available on the 
computer systems within University College London. Each row of the file corresponds 
to an accident and each column is a variable describing the accidents. Figure 6.7 shows 
a screen dump of the file. As the SPSS working file has got many variables, Appendix 
A.l lists their names, labels and value labels, providing a quick reference.
As the indication whether accidents occurred in the daylight or in the dark was often 
missing, this information was inferred from the time of the accident. It was considered 
that an accident happened in the dark if it occurred during the hours of darkness, as they 
are defined in the Whitaker’s Almanack. This definition is:
“The hours of darkness are defined (...) as the period between
half an hour after sunset and half hour before sunrise.” (Lauren
Hill, 2001, p.71)
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ACCIDENT DATA in ALMADA CITY 
(extract from the Policia de Seguranca Publics in Almada)
&
.
i
Figure 6.6 Example of data from an accident collected from PSP-DT in Almada
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Figure 6.7 Screen dump o f the SPSS file designed to store and analyse road accident 
data
It was considered that sunrise and sunset times in Almada could be represented by the 
published (Domingues, 2000) data for Lisbon. Therefore, the intervals o f hours o f 
darkness in the middle o f each month in Almada, shown in the Table 6.2, were 
established by means o f averaging times o f sunrise and sunset on the first and last days 
of each month and applying the definition o f hours o f darkness.
The middle month figures were used in order to get a rough idea o f the importance o f 
darkness variable for accident patterns. If  daylight and darkness became an important 
issue, it would be necessary to be precise in the classification o f accidents by light and 
dark by applying a different interval o f darkness for each day.
In order to take into consideration summer time, which lasted from the last Sunday o f 
March to the last Saturday o f October, two different intervals were established for these 
months. Table 6.2 shows the interval of darkness considered in each month o f the year.
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Data used in the analysis did not include information on accidents which were 
unreported to the police and did not include the unknown numbers of casualties who 
were treated at the local hospital in 1996 without being reported to police. For analysis 
purposes, there were also excluded 31 reported accidents that occurred in the part of the 
city located on the west side of the IP 1 and seven reported accidents whose locations 
were unknown.
Table 6.2 Interval of darkness by month in Almada
Month Hours of darkness in Almada
January 18hllm to 7h20m
February 18h44m to 6h57m
1st to 30th March 19hl5m to 6h07m
f  31st March 20h29m to 6h53m
April 20h44m to 6h30m
1 May 21hl3m to 5h56m
H June 21h30m to 5h45m
m July 21h27m to 5h57m| August 20h58m to 6h22m
C/3
September 20hl4m to 6h49m
v . 1st to 26th October 19h28m to 7hl8m
27th to 31st October 18h01m to 6h33m
November 17h56m to 6h50m
December 17h50m to 7hl6m
TVafflc and urban environmental data
Basic traffic flow information for the city was assembled from urban projects published 
in 1991, 1993 and 2002 (Step A. 4 -  Section 6.2.4) and site visits carried out in 1999 
and 2000. General urban activity, land uses and road characteristic data were also 
gathered from the site visits carried out in 1999 and 2000. The Local Authority does not 
systematically record information either on past and current road environment 
characteristics or on engineering measures implemented at sites.
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The time difference between traffic and accident data will need to be considered when 
these data are used in conjunction with each other in Steps B.3 and B.4 (Sections 6.4.3 
and 6.4.4, respectively).
6.4.2 Allocation of resources (B.2)
Human resources are required for data collection and analysis. As recognised in Step 
A.2 (Section 6.2.2), the use of resources in the study of the city of Almada is not typical 
due to the research nature of the study. Advice on this issue will be provided in Section
7.4.3.
Computers with software for data analysis (SPSS) and mapping (AUTOCAD) as well 
as a camera were required.
6.4.3 Data analysis (B.3)
The starting point of the analysis of the data collected, as described in the previous 
section, is the definition of the existing functional hierarchy (Section 6.4.3.1), followed 
by the identification of the vulnerable road users network (Section 6.4.3.2) and road 
accident data analysis (Section 6.4.3.3).
Economic prosperity tends to have a positive effect on the number vehicle-kilometres 
(Section 2.1), which affects accident occurrence. For example, the number of vehicle- 
kilometres on roads of national network (Table 3.4) rose from 18 468 to 27 202 million 
between 1990 and 1995 (whilst the national road network analysed rose from 9 420 to 
9 681 kilometres in the same period) (Section 3.1). It can also be expected there has 
been an increase in kilometres travelled in Almada. In addition, the rapidly changing 
road situation in Portugal as a whole (Section 3.2) and, in particular, new urban 
developments in Almada (Section 6.1) are likely to have changed the traffic patterns in 
the city and therefore may have influenced accident patterns over recent years.
Whilst recognising that road accident, traffic and environmental data are not up-dated 
and they have not been collected for the same years (Section 6.4.1), this information 
was the most recently available at the beginning o f this case study. Data analysis will be 
carried out on the basis of information available at that time, with caution.
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6.4.3.1 Definition o f  the existing functional road hierarchy fo r  motor vehicles
The basic traffic flows collected for the Local Authority in 1991 and 1993, together 
with local knowledge provided by officers of the Camara Municipal de Almada and 
detailed site inspection, formed the basis for the identification of the current urban road 
hierarchy, according to the proposed functional road hierarchy for motor vehicles, as 
can be currently adopted in Portugal (Section 5.4.3 -  Table 5.4). Traffic speed data, 
which has been listed as optional in the early implementations of the methodology, were 
not available for this city-wide strategy (Sections 5.4.3 and 6.8). The existing functional 
road hierarchy is shown in Appendix A.2.
In Almada, the primary distributors cater for the long distance through traffic either to 
the ferries or to the interior of the country or other localities belonging to the Lisbon 
Metropolitan Area and some parts of them also serve as urban streets (Figure 6.8). 
These parts are designated here as primary distributors with frontage access. Along 
other parts of the length of the primary distributors there are no residential or 
commercial buildings, and these parts are designated as primary distributors without 
frontage access (Figure 6.9).
Figure 6.8 Primary distributor with frontage access (Avenida D. Nuno Alvares 
Pereira)
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Figure 6.9 Primary distributor without frontage access (Avenida Alian^a Povo 
Unido MFA)
A number of main roads forming an irregular grid provide routes connecting different 
parts of the city and link the city to the primary distributors and the national road 
system. There are also roads serving the function o f local distributors, providing 
connections between the main roads and the access roads.
6.4.3.2 Identification o f  network for vulnerable road users
Footways along the length of most routes form the pedestrian network, but the network 
is often interrupted or nonexistent due to parking and other obstacles (Figure 6.10). 
There are pedestrian crossings, though markings are not always very visible. There are 
no systematic features for wheelchair users or people pushing prams.
The network for cyclists is virtually nonexistent.
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Figure 6.10 Example of obstruction of the footway due to parking and street furniture
(Avenida D. Nuno Alvares Pereira)
6.4.3.3 Analysis o f road safety problems
There are two important pieces of information in road safety studies which were not 
available in Almada, in particular for 1996 for this case study.
One is comprehensive exposure data in terms o f traffic flows (Section 2.3 and Step B.l 
-  Section 6.4.1). The fact that, with the resources available for this study, vehicle and 
pedestrian flow data were very difficult to obtain at city-wide level limited the use of 
accident rates (i.e. number of accidents in a specific time divided by amount of exposure 
in the same time -  Section 2.3) to discern differences in risk of different types of 
accident or different kinds of road user.
The other is exact location of accidents (Section 3.3.2 and Step B.l -  Section 6.4.1). 
Accident location has been typically identified only by the name o f the street and in 
general no other referencing system (such as house numbers, post marks, road sections 
or reference map lines) has been used. From the location description in the accident 
reports, it is difficult to know exactly where the accident occurred. Although the
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accident sketch of each accident (Step B.l -  Section 6.4.1) and assistance from local 
Police officers can be used to have more accurate location of accidents, it is a laborious 
time consuming task, and therefore impractical at city-wide level.
Nevertheless at city-wide level some accident rates were considered using the available 
denominators, in particular the number of inhabitants in the city (Section 6.1) and the 
estimated length of roads at different levels of the functional road hierarchy. Although 
the number of different types of vehicle in Almada and distances travelled by them were 
not available for this study, the published data for Portugal on the proportion of 
different types of vehicle (Section 3.1) were taken into account as a pointer towards 
possible overrepresentation of types of vehicle in accidents. The names of the streets, 
which identify the location of the road accidents, allowed allocation of accidents to 
roads in the road network in Almada (see involvement of the police in Table 6.1). Also 
for the detailed study carried out in a particular area within the city (area-wide study in 
Cova da Piedade, Step C.3 -  Section 6.6.3) vehicle and pedestrian flow data were 
assembled, although confined to short period counts, and the exact location of accidents 
was identified (Step C.l - Section 6.6.1).
The distribution of the injury and damage accidents over the road network is shown on 
the map of the city (Appendix A.3) by road length on primary distributors, main roads 
and local distributors. The same map indicates the number of injury and damage 
accidents on each set of access roads surrounded by roads belonging to other levels of 
the functional road hierarchy.
Analyses were made using data, not only for injury accidents, but also for damage-only 
accidents. Damage accident data were used in order to supplement injury accident data 
and in identifying the patterns of accident occurrence because the number of injury 
accidents in a city in a single year is quite small. However, it is recognised that the risk 
of variability in reporting damage accidents may be greater than for injury accidents. 
For analytical purposes accidents were therefore split into the two categories: injury and 
damage.
The purpose of the road safety analysis was to test whether or not the observed accident 
frequencies differ significantly from those which would be expected under a certain set 
of theoretical assumptions, which were either common sense or supported by
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knowledge developed in the literature review (Chapters 2 and 3). Thus, road accident 
data were grouped by type of accident and kind of road user, as summarised in Table
6.3.
Table 6.3 Initial tables extracted from injury and damage road accident data for use 
in formulating the city-wide strategy
ANALYSES Comment
WHAT Reported accidents by severity
a) Severity of reported accidents 
WHERE • by road hierarchy level 
• by length of road
Damage and injury accidents were mapped 
over the road network by road length on 
primary distributors, main roads and local 
distributors. Indication of the number of 
injury and damage accidents on each set of 
access roads surrounded by roads belonging 
to other levels of the functional road 
hierarchy (Appendix A.2)
Severity of reported accidents:
• by month
b) WHEN • by day of week
• by hour and periods of the day
• in the daylight / darkness
Analysis of accident figures by hour in 
Almada and knowledge of Portuguese life 
style, were used as the basis for dividing the 
day into six periods. These periods are: 
0:00 to 6:59, 7:00 to 10:59, 11:00 to 15:59, 
16:00 to 20:59, 21:00 to 23:59 hours.
Number of drivers / riders in 
different age groups: 15 and under, 
16 -17, 18-24, 25-64, 65 and over 
(years old)
cl WHO
Drivers and riders were segregated into: 
bicycle users, motorcycle riders, car/taxi 
drivers, others and unknown
Severity of child, adult and older 
casualties by age: 14 and under, 15 
-  24,25-64, 65 and over (years old)
Casualties were segregated into: 
pedestrians, bicycle users, motorcycle 
users, car / taxi users, bus / tram users and 
others
Severity of the accidents in which 
d) WHICH different numbers of vehicles were 
involved
Accidents were segregated into: single­
vehicle, multi-vehicle including at least one 
parked vehicle and multi-vehicle without 
any parked vehicle
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Organising data as suggested (Table 6.3), led to contingency tables of dimensions up to 
I x J x 2, i.e. with any number of rows (I) and columns (J), and a third dimension of no 
more than two alternatives, usually injury and damage accidents, sometimes 
fatal / serious and slight accidents. These tables require the application of the chi- 
squared test at various levels, as illustrated here for four rows (I = 4), three columns (J = 
3), the two alternatives labelled 1 and 2, and the sum over the two alternatives labelled 
1+2 (Figure 6.11).
i = 1 
i = 2 
i = 3 
i = 4
A lii
Figure 6.11 General presentation of (I x J x 2) tables from road accident data. 
Example for four rows (I = 4) and three columns (J = 3)
The required chi-squared tests can be divided into four types (A to D), as explained in 
Table 6.4
The type C analysis is usually applied to a contingency table only when results of some 
type A and B tests are statistically significant.
In the succeeding sections when a chi-squared is applied to a contingency table it will 
be identified by its type (A, B, C or D -  Table 6.4) and by the description of the effects 
being analysed.
1+2 1+2 1+2
All j 
1 2 1+2
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Table 6.4 Description of chi-squared tests applied to tables from road accident data 
(Figure 6.11)
TYPE OF 
CHI-SQUARED TEST
DESCRIPTION
I x 2 or J x 2 table with entries from box(es) and I -  1 or J -
A 1 df tested for interaction between row effect and level effect or 
between column effect and level effect respectively.
I x J table with entries from boxes j j and (I -  1)(J -  1) df
B
tested for interaction between row and column effects.
I x 2J or J x 21 or U x 2 table with entries from boxes and
(I -  1)(2J -  1) or (J -  1)(2I -  1) or U -  1 df tested for difference 
between rows in interaction between column effect and level 
effect or difference between columns in interaction between row 
effect and level effect or difference between levels in interaction 
between row effect and column effect respectively.
2 x 2  table selected from an array for which the overall chi- 
squared is significant, to test with 1 df (and level of significance 
interpreted with caution -  i.e. requiring really small P) whether a 
particular pairwise difference is significant.
The interpretation of the results of the chi-squared tests, in terms of the likelihood of the 
existence of differences in occurrence associated with accidents of different types, or 
accidents to different types of road user, is described in Table 5.8 and the associated 
discussion is in Section 5.6.4.
Many apparent differences in percentages between injury and damage accidents and 
between different classes of road were found (analysis type D). However, they are not 
all discussed because, although they may look numerically quite large, the differences 
may not be statistically significant. Attention has been drawn to each difference of 
interest that is statistically significant, on a cautious interpretation of analysis of type D 
within a table for which results of analysis of types A, B or C are significant. The
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interpretation of these differences is even more prudent when it is the analysis of 
casualties or vehicles involved in road accidents (Section 5.6.4).
In summary, different analysis techniques were used to investigate road accident 
occurrence at city-wide level. Techniques include the chi-squared test o f independency, 
applied to whole tables or to pairwise comparison of proportions (Table 6.4), and 
limited spatial interpretation of accident plots on maps (Appendices A.2 and A.3).
Different approaches were taken towards different kinds of missing information. The 
proportion (up to one fifth) of injury accidents and casualties whose severity is not 
stated is sizeable. The creation of another category, such as injury accidents (casualties) 
whose severity is unknown was therefore considered. However, in order to keep 
analysis simple, at least at the initial stages of application of the methodology by Local 
Authorities, this idea was rejected. Therefore accidents (and casualties) whose severity 
is unknown were regarded as slight accidents (and casualties) because it is likely that 
most of them were so. Where ages (of drivers and casualties) were unknown or a 
vehicle involved in the accident was unidentified, analyses were made considering only 
the distribution of known ages of drivers and casualties and the identified vehicles 
involved in the accidents.
a) What kind of accidents occurred and where did they happen?
A total of 1 555 road accidents were analysed. Table 6.5 summarises these accidents by 
hierarchy level.
One fifth of the reported accidents happened on approximately eight kilometres of 
roads, whose main function is to cater for long distance traffic, and which have little 
interaction with the life of the city. The types of safety problem on primary distributors 
without frontage access are expected to be different to those on other kinds of road 
because less activity is generated by surrounding land uses, and accordingly less 
pedestrian flow and crossing movements, less “stopping and starting” and parking 
manoeuvres and fewer junctions. For these reasons primary distributors without 
frontage access are analysed separately (heading f) of this section).
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Table 6.5 Reported road accidents in 1996 by hierarchy level
Damage Injury TOTAL
Primary distributors without frontage access (about 8a) km) 226 65 291
Roads with frontage access
Primary distributors with frontage access (about 5.5a) km) 226 110 336
Main roads and local distributors (about 40a) km) 620 147 767
Access roads (about 60a) km) 140 21 161
Total (about 105.5 km) 986 278 1264
TOTAL for the City of Almada 1212 343 1555
a-> Estimated length (Appendix A.4)
Therefore, analyses undertaken from this point to heading d) do not consider road 
accident data on primary distributors without frontage access. Heading e) summarises 
safety problems identified on primary distributors with frontage access, main roads, 
local distributors and access roads. A similar summary of these problems for primary 
distributors without frontage access is presented in heading g) based on analysis in 
heading f). Both summaries combined (heading h)) aim to assist in the identification of 
the safety objectives for Almada (Section 6.4.4) and to support the evaluation of the 
specific areas of the city against the city as a whole at the area-wide level (Section 6.6).
In the light of Section 5.4.4, one of the main aims of this analysis is to assess the 
performance o f roads in the current functional road hierarchy (Section 6.4.3.1), and 
therefore all dominant factors from accident records should be analysed by each of its 
levels. However, for the purpose of accident analysis at city-wide level, it was 
impracticable to separate accidents that happened on main roads from those that 
occurred on local distributors because police reports did not contain information on 
whether accidents happened on links or at junctions, and accidents that happened at the 
junctions of these two classes of road were often not located according to the hierarchy. 
Accidents that happened at a junction were reported on the road which is more 
important according to police perception. As the functional distinction between main 
roads and local distributors in Almada often does not correspond with police perception,
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accidents are not usually assigned to the main roads when they should be. This situation 
is illustrated in Figure 6.12.
Seven out of fourteen accidents reported in 1996, at the junction between the main road 
and the local distributor shown in Figure 6.12, were reported on the local distributor.
The same reasoning does not make it difficult to separate primary distributors and 
access roads. Due to their clear difference in use, on the whole the police locate 
accidents on a primary distributor if  they happened at a junction with a road belonging 
to another class and, in the same circumstances, would not write the name o f an access 
road.
v x \  J
Key: MR -  Main Road (Rua Dr. Antonio Jose de Almeida) 
LD -  Local Distributor (Avenida da Funda?So)
Figure 6.12 Example of accidents reported on a main road and a local distributor
Given that Almada is used as a through route by an unknown number of road users and 
it is a commuting city with a big proportion o f its population working in Lisbon 
(Section 6.1), the number o f injury accidents per thousand of population (3.1 or 
278 / 90) does not give a direct measure o f the risk of an injury accident to a person 
living in the city. This rate will, however, allow meaningful comparisons of accident
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numbers between the city and different areas within the city in the area-wide level 
studies when these are carried out for several areas.
It has been shown in past research that the kinds and distributions of road accidents on 
the different levels of the functional road hierarchy for motor vehicles can differ 
(Institution o f Highways and Transportation (IHT), 1990a, and references therein). In 
Portugal, however, knowledge about the relationship between accident frequencies and 
road conditions, activity generated by surrounding land uses and street layouts is 
virtually non-existent (Section 3.2.3). It is, therefore, important to test the null 
hypothesis that the proportion o f reported accidents that involve injury is the same on 
the three classes (primary distributors, main roads and local distributors, and access 
roads) of road. The type B analysis for data in Table 6.5 shows {%]= 33.70 and P is 
infinitesimal) that there is strong evidence to reject the null hypothesis, in other words, 
there was a significant difference between classes of road in the proportion of reported 
accidents that involve injury.
Indeed, pairwise comparisons of type D for proportion on each class o f road show that 
there is clear evidence from Table 6.5 that the proportion (33% or 110 / 336) of 
accidents on primary distributors which involved injury was higher than these 
proportions (19% or 147 / 767 and 13% or 21 / 161) on the main roads/local 
distributors and access roads respectively. Moreover, there is some indication (Xi  = 
3.36 and P = 7%) that the proportion (19%) of accidents on main roads/local 
distributors which involved injury was higher than the corresponding proportion (13%) 
on access roads.
In Almada, the three groups o f road under evaluation (primary distributors, main 
roads / local distributors and access roads) all provide access to buildings and shops and 
they all have a high density o f pedestrian movement. However, the capacity for 
providing for long distance through traffic, the typical width of the road and the 
proportion o f accidents which involved injury decreases from the primary distributors to 
the other end of the functional road hierarchy.
The absence of suitable exposure data prevented analysis of accident rates per million 
vehicle-kilometres for each type o f road. However, the number of injury accidents per
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kilometre o f road for primary distributors, main roads / local distributors and access 
roads (20.0 or 110 / 5.5; 3.7 or 147 / 40; and 0.4 or 21 / 60, respectively) can be used as 
an attempt to represent the danger the prevailing flow of vehicles presents per unit 
length of each type of road. These rates can also support the identification o f particular 
route problems when areas within the city are studied in greater detail (Step C.3 -  
heading g) o f Section 6.6.3.3). The corresponding rates for damage accidents are 41.1 
(226 / 5.5), 15.5 (620 / 40) and 2.3 (140 / 60).
The question arises whether the data are consistent with the null hypothesis that there is 
no difference in severity of the injury accidents with respect to level within the 
functional road hierarchy. Injury accidents on primary distributors, main roads, local 
distributors and access roads are shown by severity in Table 6.6a.
Table 6.6a Injury accidents by level o f road hierarchy and by severity
Fatal Serious Slight TOTAL
Primary distributors with frontage access 3 15 92 a 110
Main roads and local distributors 1 6 140 b 147
Access roads — 4 17° 21
TOTAL 4 25 249 278
* Includes 7 accidents whose severity is unknown 
b Includes 25 accidents whose severity is unknown 
c Includes 5 accidents whose severity is unknown
Let “O” be the observed frequency and “E” the expected one, £ (O -  E)2 / E has the chi- 
squared distribution under the null hypothesis only if  all the E (expected frequency) are 
about 5 or larger. Since cells in the fatal and serious columns (Table 6.6a) contain small 
numbers, these two columns (fatal and serious accidents) have been combined. The 
expected value for fatal / serious accidents on access roads is still too small to allow the 
chi-squared test to be applied to compare access roads with other types of road, but the 
numbers do allow analysis o f type B for primary distributors and main roads / local 
distributors (Table 6.6b), with 1=2 and J=2.
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Table 6.6b Injury accidents by level of road hierarchy and by severity, combining 
fatal and serious accidents and excluding access roads
Fatal and Serious Slight TOTAL
Primary distributors with frontage access 18 92 a 110
Main roads and local distributors 7 140 5 147
TOTAL 25 232 257
* Includes 7 accidents whose severity is unknown 
b Includes 25 accidents whose severity is unknown
The result shows (x2 = 9.64 and P= 0.19%) clear evidence that the proportion of 
accidents on primary distributors which were fatal or serious (16% or 18 / 110) was 
higher than on main roads and local distributors (5% or 7 / 147), assuming that injury 
accidents whose severity is unknown were slight accidents. These figures correspond to 
the second o f the severity ratios, as defined in equation 3.2 (Section 3.1), for primary 
distributors and main roads / local distributors. The ratio is calculated as the quotient 
between the number o f fa ta l plus serious accidents and the number of injury accidents. 
The severity ratio for access roads was 19% (4 /2 1 ) , but this estimate should be treated 
with caution because o f possible underreporting o f accidents on access roads (Section 
2.5, heading a) o f Section 6.6.3, and Section 7.3.3).
Not surprisingly, the severity ratio (10% or 29 / 278) for the city as a whole was lower 
than the national figure (20% or 10042 / 49329) in the same year (Observatorio de 
Seguran^a Rodoviaria (OSRP), 1999). The national severity ratio includes, in addition 
to all urban roads, rural roads and motorways where road accident severities, in 
particular for vehicle-vehicle accidents, are usually higher than inside built-up areas due 
to generally higher vehicle speeds.
b) When did the accidents happen?
The date and time of all injury accidents is known, but records of material damage only 
accidents are not complete. This illustrates how police registration o f less severe 
accidents can be less comprehensive (Section 2.5). Therefore, analyses o f damage 
accidents were carried out considering only the accidents for which the relevant 
information (date or time) is known. Since it is not known whether the proportion of 
damage accidents for which the date and time are missing varies with time of day, day
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of the week or month, these results will be distorted where accidents at certain times are 
more likely to be absent from the data than others.
On the basis o f evidence elsewhere, differences have been found in the number of 
accidents in different months (Section 2.1.4). In Portugal, the relationship between 
accident frequencies and date and time of the accident has hardly yet been investigated 
(Section 3.2.3). It is, therefore, interesting to test the validity o f the null hypotheses that 
the proportion o f reported road accidents that involve injury is the same in each month. 
The type A analysis (Xu  = 10.98 and P = 44%) for data in Table 6.7 shows that the 
differences between months in the proportion o f reported accidents that involved injury 
could easily have arisen by chance.
Table 6.7 Accidents by month and by road hierarchy level
Months
Primary Distributors 
Damage Injury Total
Main Roads and 
Local Distributors 
Damage Injury Total
Access roads 
Damage Injury Total Damage
TOTAL
Injury Total
January 23 9 32 69 16 85 11 1 12 103 26 129
February 29 11 40 58 10 68 6 4 10 93 25 118
March 24 12 36 63 15 78 11 1 12 98 28 126
April 16 4 20 50 10 60 11 - 11 77 14 91
May 11 5 16 55 18 73 18 1 19 84 24 108
June 20 11 31 47 12 59 16 1 17 83 24 107
July 14 8 22 41 9 50 5 1 6 60 18 78
August 9 10 19 43 15 58 8 1 9 60 26 86
September 21 10 31 44 6 50 13 2 15 78 18 96
October 15 8 23 49 12 61 17 3 20 81 23 104
November 16 14 30 40 12 52 12 3 15 68 29 97
December 28 8 36 60 12 72 12 3 15 100 23 123
TOTAL 226 n o 336 619 147 766 140 21 161 985 278 1263
The question also arises whether the data are consistent with the null hypothesis that the 
proportion o f reported road accidents that involve injury is the same on each day of 
week. The type A analysis for data in Table 6.8 ( x l  = 4.80 and P = 57%) does not
reject the null hypothesis, i.e. the differences between days o f the week in the 
proportion o f reported accidents that involved injury could easily have arisen by chance.
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Table 6.8 Accidents by day o f the week and by road hierarchy level
Days of week
Primary Distributors 
Damage Injury Total
Main Roads and 
Local Distributors 
Damage Injury Total
Access roads 
Damage Injury Total
TOTAL 
Damage Injury Total
Sunday 28 9 37 56 22 78 21 1 22 105 32 137
Monday 28 11 39 93 23 116 15 1 16 136 35 171
Tuesday 31 15 46 89 16 105 30 2 32 150 33 183
Wednesday 39 19 58 103 24 127 14 4 18 156 47 203
Thursday 35 23 58 84 20 104 18 7 25 137 50 187
Friday 34 17 51 106 23 129 24 4 28 164 44 208
Saturday 31 16 47 88 19 107 18 2 20 137 37 174
TOTAL 226 n o 336 619 147 766 140 21 161 985 278 1263
The information by hour of day together with the local knowledge provided the basis for 
splitting the day into two peak periods and three off-peak periods. Table 6.9a shows the 
number of accidents by period of the day and by road hierarchy level.
Table 6.9a Accidents by period of the day and by road hierarchy level
Hours
Primary Distributors 
Damage Injury Total
Main Roads and 
Local Distributors 
Damage Injury Total
Access roads 
Damage Injury Total
TOTAL 
Damage Injury Total
0:00 to 6:59 26 10 36 48 11 59 10 1 11 84 22 106
7:00 to 10:59 33 17 50 129 20 149 21 2 23 183 39 222
11:00 to 15:59 65 25 90 174 47 221 46 5 51 285 77 362
16:00 to 20:59 74 42 116 193 47 240 45 8 53 312 97 409
21:00 to 23:59 27 16 43 71 22 93 15 5 20 113 43 156
TOTAL 225 110 335 615 147 762 137 21 158 977 278 1255
The intervals 11:00 to 15:59 hour and 16:00 to 20:59 hour were the off peak period and 
the peak period respectively with highest numbers of accidents per hour (72 or 362 / 5 
and 82 or 409 / 5, respectively). The morning peak (7:00 to 10:59 hours) and evening 
off-peak (21:00 to 23:59 hours) periods each had over 50 (222 / 4 and 156 / 3, 
respectively) accidents per hour and the interval 0:00 to 6:59 hour had 15 (106 / 7) 
accidents per hour.
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The question arises whether the data are consistent with the null hypothesis that there is 
no difference between these periods in the proportion of reported accidents that 
involved injury. The type A analysis for data in Table 6.9a ( z l  ~ 6.22 and P= 18%) 
shows that there is just a slight indication of a difference between periods of the day in 
the proportion of reported accidents that involved injury. In fact, there is some 
indication (type D analysis: x ]  = 3.03 and P = 8%) that the proportion of accidents 
which involved injury between 21:00 and 23:59 (28% or 43 / 156) could have been 
higher than in the remaining periods (21% or 235 / 1099).
It is also interesting to test the null hypothesis that there is no difference with respect to 
periods o f the day in the distribution o f reported accidents between levels of road 
hierarchy. The type B analysis for data in Table 6.9a ( x \  — 8.37 and P= 37%) does not 
reject the null hypothesis.
Previous analysis has shown that the proportion o f accidents which involved injury 
differed for different types of road (Table 6.5). It is now, therefore, interesting to test the 
null hypothesis that the difference between levels of the road hierarchy in the 
proportions o f reported accidents that involved injury is the same over the periods of the 
day. The small numbers of reported injury accidents on access roads prevented the 
inclusion o f this level o f the road hierarchy in the analysis. The type C analysis for the 
other two levels in the road hierarchy (Table 6.9b) shows (X n  = 14.15 and P= 29%) 
that for primary distributors and main roads / local distributors the differences over the 
periods o f the day in the interaction between level in the road hierarchy and proportion 
o f reported accidents that involved injury could easily have arisen by chance.
International research reveals that the rate of accidents in relation with the amount of 
travel is greater at night. For example, “in Britain, ... twenty-eight percent of injury 
accidents take place at night, even though only 10 percent of travel is probably made at 
night” (Carsten, 2002, p. 15). However, in Almada analysis of accident data by light and 
dark was not developed because travel exposure data were not available and previous 
analysis on the proportion of reported accidents involving injury by time o f the day 
(Table 6.9a and Table 6.9b) did not indicate strong differences between periods of the 
day. Analysis by light and dark had already been identified as optional in the 
methodology (Sections 5.4.3 and 7.3.3).
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Table 6.9b Accidents by period of the day and by road hierarchy level, excluding 
access roads
Primary Distributors Main Roads and TOTAL
Local Distributors
Hours Damage Injury Damage Injury
0:00 to 6:59 26 10 48 11 95
7:00 to 10:59 33 17 129 20 199
11:00 to 15:59 65 25 174 47 311
16:00 to 20:59 74 42 193 47 356
21:00 to 23:59 27 16 71 22 136
TOTAL 225 110 615 147 1097
One major step to be taken before road safety measures can be successful is to recognise 
the difficulties faced by various road user groups. Analyses by road user group can be 
addressed at two levels: casualties and drivers / riders involved in the accidents.
c) Who were involved in the accidents?
Nationally 55% and 20% (19 897 and 7 081 out o f 36 140, respectively) o f casualties in 
urban areas are pedestrians and riders / drivers (Observatorio de Seguransa Rodoviaria 
(OSRP), 2003). However, these proportions are likely to vary between parts o f the 
country and between particular cities as a result of different urban characteristics and 
use of means o f transport. Little is known about the mixes of casualties and 
riders / drivers involved in accidents in individual Portuguese urban areas (Section 3.3) 
and one key principle o f current philosophies behind urban road casualty reduction 
programmes is to be equitable among all road user groups (Section 2.2.7). It is therefore 
important to look in detail at who were involved in the accidents on each kind o f road in 
Almada to help to determine priorities for its safety strategy. Analyses will show that, 
similarly to other countries (European Commission DG VII, 2000), a sizeable 
proportion o f casualties were vulnerable road users, including pedestrians, who faced 
particular problems on all the kinds o f road they used, and young motorcycle riders, 
who had more problems on roads that belong to higher levels of the functional road 
hierarchy in terms of casualty numbers.
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Casualties
The 278 accidents caused injury to 330 people, of whom 38 were fatally or seriously 
injured and 292 were slightly injured. Table 6.10a shows road casualties by road user 
groups, levels of road hierarchy, and severity.
Table 6.10a Casualties by road hierarchy level and by severity
Primary Distributors 
Fatal/Serious Slight
Main Roads and 
Local Distributors 
Fatal/Serious Slight
Access roads 
Fatal/Serious Slight
TOTAL 
Fatal/Serious Slight Total
Pedestrians 13 37 b 4 45e 3 l l d 20 93 113
Bicycle users - - 2 - - - 2 2
Motorcycle users 3 48c 5 59’ 1 4* 9 111 120
Car/taxi users 4 22 b 3 43* - 5 b 7 70 77
Bus users 2 - 2 - - 2 2 4
Others - 6 D 8 6 - -- — 14 14
TOTAL 22 113 12 159 4* 20 38 292 330
* Includes 1 casualty whose severity is unknown * Includes 7 casualties whose severity is unknown 
b Includes 2 casualties whose severity is unknown f Includes 8 casualties whose severity is unknown 
c Includes 3 casualties whose severity is unknown * None of them is fatal 
d Includes 4 casualties whose severity is unknown
The magnitude o f the road users’ safety problem in Almada can partially be described 
by analysing the number of injuries, including fatalities, which occurred in 1996. 
However, in order to be able to compare and rank road safety problems it is important to 
take into account the magnitude and character of the activities that generate the 
accidents. Exposure data, such as vehicle and pedestrian flows and pedestrian crossing 
movements at city-wide level, were not available for this study and prevented analysis 
o f risk for different types of road user. Analysis of relevant hypotheses about the 
proportions and frequencies of casualties have been carried out in order to identify 
safety issues for the city as a whole.
Vulnerable road users (namely, pedestrians, pedal cyclists and motorcyclists) accounted 
for 71% (235 / 330) of the casualties. Most (65% or 13 / 20) of the fatal and serious 
pedestrian casualties were injured along the 5.5 km o f primary distributors. The very 
small number o f cycle casualties, just 2, which is less than one percent o f the vulnerable 
road user casualties, arises from the fact that bicycles are seldom used as a means of
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transport in Almada. It cannot be interpreted as indicating that conditions are safe for 
cycling.
From data displayed on the map (Appendix A.3) and the figures above, it can be seen 
that more than half (171 / 330) of the casualties occurred on main roads and local 
distributors. Just under one third o f these were pedestrians and another third 
motorcyclists. However, although primary distributors are only 5.5 km, they had a 
substantial proportion (41% or 135 / 330) of the casualties, o f which 40% were 
pedestrians and another 40% were motorcyclists.
The literature reveals that, although vehicle drivers’ actions are definitely the most 
significant contributory factor in road accidents, it is often vulnerable road users 
(pedestrians and motorcycle users) who suffer the most severe consequences. It is, 
therefore, worth testing the null hypotheses that the proportion o f reported casualties 
who were fatally or seriously injured is the same for the three types o f road user 
(pedestrians, motorcycle users, and car, taxi, bus and other vehicle users). The result o f 
the type A analysis for data in Table 6.10a (xl ~  6.49 and P= 4%) shows that there is 
evidence to reject the null hypothesis, or in other words, there was a significant 
difference between types of casualty in the proportions who were fatal or seriously 
injured. Indeed, the type D analyses show clear evidence ( ~ 5.55 and P= 2%) that 
the proportion o f pedestrian casualties (18% or 20 / 113) who were fatal or seriously 
injured was higher than the corresponding proportion for motorcycle users (8% or 9 / 
120); and some indication ( = 2.91 and P= 9%) that it was also higher than the 
corresponding proportion for car, taxi, bus and other users (9% or 9 / 95).
Data from Urban Safety Project areas in Britain showed that accidents involving 
pedestrians tend to make up a higher proportion o f accidents on minor roads (Institution 
o f Highways and Transportation (IHT), 1990a). It is, therefore, appropriate to test the 
null hypothesis that the proportion o f reported casualties who were pedestrians is the 
same on access roads and roads with traffic movement functions (primary distributors, 
main roads and local distributors). The type B analysis for data in Table 6.10b shows 
( X\ = 6.67 and P= 1%) that there is enough evidence to reject the null hypotheses. In 
other words, there is clear evidence that the proportion (14 / 24) of casualties on access
205
Case study: application of the proposed urban road safety diagnostic technique
roads who were pedestrians was higher than the corresponding proportion (99 / 306) on 
the other levels of the road hierarchy.
Table 6.10b Pedestrian and non-pedestrian casualties on roads with traffic functions 
and on access roads
Roads with traffic functions Access roads TOTAL
Pedestrians 99 14 113
Non-pedestrians 207 10 217
TOTAL 306 24 330
Table 6.10a illustrates the difficulties in interpreting the situation in urban areas where 
only low frequencies of casualties are observed on particular roads, in particular when 
only one year of road accidents have been assembled (Step B.l -  Section 6.4.1). The 
small numbers existing in some cells of this table prevented the chi-squared test from 
being applied to the contingency table as a whole and further analysis has been carried 
out excluding the access roads and bicycle users and combining car, taxi, bus and other 
users into a single type of casualties (Table 6.10c).
Table 6.10c Casualties by road hierarchy level and by severity with all motor 
vehicle users, except motorcyclists, combined and excluding access 
roads
Primary Distributors 
Fatal/Serious Slight Total
Main Roads and 
Local Distributors 
Fatal/Serious Slight Total
TOTAL 
Fatal/Serious Slight Total
Pedestrians 13 37 50 4 45 49 17 82 99
Motorcycle users 3 48 51 5 59 64 8 107 115
Car, taxi, bus, other users 6 28 34 3 53 56 9 81 90
TOTAL 22 113 135 12 157 169 34 270 304
Analysis for data in Table 6.6 shows that the proportion of accidents which were fatal or 
serious on primary distributors was higher than on main roads and local distributors. 
Data in Table 6.10c can be used to test the corresponding null hypothesis that there is no 
difference in severity o f the injured casualties between primary distributors and main 
roads/local distributors. The type A analysis for this data shows = 6.39 and
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P = l% )  that there is enough evidence to be able to confidently reject the null 
hypothesis in favour of the alternative hypothesis (Hi: the severity of injured casualty 
differs between these two levels within the functional road hierarchy), or in other words 
the proportion (16% or 22 / 135) o f casualties on primary distributors who were fatally 
or seriously injured was higher than the respective proportion (7% or 12 / 169) on main 
roads / local distributors.
Due to age-related human cognitive, sensory and motor abilities and exposure patterns, 
it has been recognised that tackling young (namely pedestrians, motorcycle users and 
drivers) and elderly (namely pedestrians and drivers) road users’ safety problems is 
likely to require particular road engineering approaches, together with enforcement and 
educational, training, publicity and encouragement programmes (Section 2.1.2 and
2.1.4). Proposed road safety countermeasures (Table 5.9 and Section 6.8) need to 
consider specific age groups’ needs and limitations. Table 6.11 shows the distribution of 
casualties by type and by age group (when the age was known) in Almada, and for the 
above reasons, particular attention will be paid to the data for children and the elderly, 
and the concentration of motorcyclist casualties in the 15-24 years age group.
Table 6.11 Casualties by age group
~ ------ ~>_Ye^soW Oto 14 15 to 24 25 to 64 65 and over TOTAL
Pedestrians 13 15 47 33 108
Bicycle users 2 — - — 2
Motorcycle users 3 76 35 1 115
Car and taxi users 7 21 40 7 75
Bus users — 1 2 1 4
Van and lorry users — 4 10 — 14
TOTAL 25 117 134 42 318
Population data by age group for Almada were not available for this study, preventing 
their use as proxies for exposure in the determination o f risk of different road user age 
groups. In addition, road safety analyses are limited due to the low frequencies of 
particular types o f casualty for certain age groups. Also, since Almada is both a through 
route and a commuting city, the use o f its population data is less relevant than otherwise
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would be (heading a) of this section); but it could potentially be used to differentiate 
different areas within the city.
Only 8% (25 / 318) of the casualties were reported as being aged 14 years and under. Of 
those about half (52% or 13 / 25) were pedestrians. The number of casualties aged 65 
years and over was higher than the number of child casualties; and there is clear 
evidence ( X \ = 5.14 and P = 2%) that the proportion (79% or 33 / 42) of elderly 
casualties who were pedestrians was also higher than the corresponding proportion 
(52%) amongst child casualties. The possible underreporting of casualties in access 
roads (Sections 2.5, heading a) o f 6.6.3 and 7.3.3) may have reduced the number of 
reported child casualties more than it did the number of elderly casualties.
“Compared with others, [young drivers] are more likely to drive vehicles which offer 
less protection.” (Fuller, 2002a, p.242). This is consistent with the fact that in Almada 
almost two thirds (65% or 76 / 117) o f the casualties aged 15 to 24 years were 
motorcycle users and this proportion was much higher than the proportion (19% or 39 / 
201) of casualties who were motorcyclists for the remaining age groups.
Since pedestrians were a third (113 / 330) of the casualties (Table 6.10a), analyses of 
kinds of vehicles involved in accidents with pedestrians were undertaken for the 110 
pedestrians hit by identified vehicles (Table 6.12).
Table 6.12 Vehicles which hit pedestrians by road hierarchy level
Primary Main Roads and Local Access TOTAL
Distributors Distributors roads
Motorcycle 9 5 3 17
Car 32 35 9 76
Taxi — 1 - - 1
Van 5 7 1 13
Bus 2 1 — 3
TOTAL 48 49 13 110
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Over two-thirds (69% ox 16 I 110) of struck pedestrians were hit by cars and about 15 
percent (17 / 110) were hit by motorcycles. Most (76% or 13 / 17) of the remaining 
struck pedestrians were injured by vans.
The %2 analysis is applied to Table 6.12 (combining car, taxi, van and bus and excluding 
access roads) to test the null hypotheses that there is no difference between primary 
distributors and main roads and local distributors in the proportion of motorcycles 
which hit pedestrians. The result ( x ]  ~ 1.43 and P= 23%) does not reject the null 
hypothesis, so that the difference between these two levels o f the functional road 
hierarchy in the proportions of motorcycles among vehicles which hit pedestrians could 
easily have arisen by chance.
Drivers and riders
Historical road accident data, anecdotal evidence, and driver self-reports have suggested 
an overrepresentation of certain types of driver or rider in road accidents after allowing 
for exposure. The literature also records a large number o f works which indicate that 
driver’s age differences are reflected in the type and number of accidents in which they 
are involved (Section 2.1.4).
Table 6.13 shows the distribution o f drivers and riders involved in injury and damage 
accidents in Almada by type and age group.
Table 6.13 Drivers and riders involved in accidents by age group
15 and under 
Damage Injury Total
16 to 24 
Damage Injury Total
25 to 64 
Damage Injury Total
65 and older 
Damage Injury Total
TOTAL 
Damage Injury Total
Cyclists 1 1 2 1 1 1 — 1 3 1 4
Motorcyclists 1 1 49 74 123 25 37 62 4 1 5 78 113 191
Car and taxi 
drivers
-- - 236 38 274 851 196 1047 53 15 68 1140 249 1389
Van, lorry, 
bus drivers
- — 38 9 47 293 53 346 15 3 18 346 65 411
TOTAL 1 2 3 324 121 445 1170 286 1456 72 19 91 1567 428 1995
It is widely recognised that some vehicles, such as bicycles and motorcycles, offer less 
protection in the event of a collision than other types of vehicle. It is therefore,
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important to test the null hypotheses that the proportion of accident-involved drivers 
involved in injury accidents is the same for motorcyclists, car/tax i drivers and 
van / lorry / bus drivers. Due to the small number of cyclists involved in accidents in 
Almada, they have been excluded from this analysis. The type A analysis for data in 
Table 6.13 ( x \  ~ 179.22 and P infinitesimal) shows that there is overwhelming 
evidence to reject the null hypothesis, in favour of the alternative hypothesis (Hi: the 
proportion of accident-involved drivers involved in injury accidents differs according to 
kind o f vehicle driven).
In fact, whilst type D analysis for proportion o f each kind of driver shows ( x \  ~ 0.98 
and P = 32 %) that the differences between the proportions (18% or 249 / 1389 and 16% 
or 65 / 411) of accident-involved drivers involved in injury accidents for car / taxi and 
van / lorry / bus drivers respectively could easily have arisen by chance, it is clear 
without chi-squared calculation that these proportions were lower than the 
corresponding proportion (59% or 113 / 191) for motorcyclists.
In Australia where young drivers (16-24 years old) constitute 20% of its driving 
population, they are generally over represented in traffic accidents, accounting for 
around 50% of injury accidents (Macdonald, 1994). This pattern is common to other 
countries (Section 2.1.4). In Almada, where it has not been practicable for the purpose 
o f this study to estimate the percentage o f the driving population who are young, the 
proportions o f drivers involved in injury and damage accidents who were young were 
28% (121 / 428) and 21% (324 / 1567) respectively.
Although it is not possible to infer whether these percentages imply that young drivers 
have been over-involved in road accidents, it is worth investigating whether the 
accidents in which they were involved were more severe than for older drivers by 
testing the null hypothesis that the proportion o f accident-involved drivers involved in 
injury accidents is the same for the three (16-24, 25-64, and 65 and over years old) age 
groups o f driver. The type A analysis for data in Table 6.13, excluding drivers aged 15 
years and under, shows ( ~ 11.56 and P = 0.3 %) that there is enough evidence to 
strongly reject the null hypothesis. In other words, there is a significant difference 
between age groups in the proportion o f reported accident-involvements that were in 
injury accidents.
210
Case study: application of the proposed urban road safety diagnostic technique
There is clear evidence (type D analysis: x \  — 11.54 and P = 0.07%) that the proportion 
(27% or 121 / 445) of young accident-involved drivers and riders (16 to 24 years old) 
involved in injury accidents was higher than the corresponding proportion for (20% or 
286 / 1456) the group aged 25 to 64 years.
It is clear from analysis type B applied to Table 6.13, excluding children and cyclists 
{ x l  = 231.59 and P is infinitesimal), that data are not consistent with the null 
hypothesis that there is no difference in the age groups with respect to kind of 
rider / driver involved in reported road accidents. Nearly two-thirds (64% or 123 /191) 
o f motorcyclists involved in accidents were aged 16 to 24 years; and there is clear 
evidence that this proportion was much higher than the corresponding proportion (20% 
or 274/1389) for car/tax i drivers, which in turn was clearly higher ( x \  ~ 14.87 and 
P=0.01%) than the corresponding proportion (11% or 4 7 /4 1 1 ) for van / lorry / bus 
drivers.
Earlier analysis has established a statistically significant interaction between drivers’ 
age group and type (injury or damage) o f the accident. It is, therefore, reasonable to test 
null hypotheses that this interaction was the same for every kind of driver. The type C 
analysis for data in Table 6.13 (excluding drivers aged 15 years and under and 65 years 
and over, and cyclists, due to their small numbers) shows ( x l  = 472.33 and P is 
infinitesimal) that there is very strong evidence to reject the null hypothesis. For 
example, there is an indication ( x \  = 3 .51  and P = 6%) o f a statistical significant 
difference between those aged 16 to 24 and 25 to 65 years in the proportion accident- 
involved car-taxi drivers (14% or 38 / 274 and 19% or 196 / 1047, respectively) who 
were involved in injury accidents. Whereas for motorcyclists (60% or 74 / 123 and 37 / 
62, respectively) the two proportions were similar, and for van, lorry and bus drivers 
(19% or 9 / 47 and 15% or 53 / 346, respectively) the difference, though not by itself 
statistically significant, is in the opposite direction.
In fact, the difference between the proportions (14% and 19%, respectively) o f accident- 
involved car and taxi drivers involved in injury accidents in the 18 to 24 (car and taxi 
driving licence from age 18 years old) and 25 to 64 age groups is in the opposite
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direction to the difference between the corresponding proportions for all drivers and 
riders. (Note that previous type A analysis for data in Table 6.13 showed that the 
proportion of young accident-involved drivers and riders involved in injury accidents 
was higher than for the older drivers and riders). This is because:
■ 64% (123 / 191) o f motorcyclists involved in accidents were aged 16 to 24
years, and
■ it is clear, without chi-squared calculations that, for both age groups 16 to 24 and 
25 to 64 years old, the proportion of accident-involved riders and drivers 
involved in injury accidents was much higher for motorcyclists (60% or 7 4 /123  
and 37 / 62, respectively) than for the other kinds of drivers (14% or 38 / 274
and 19% or 196 / 1047 for car and taxi drivers; and 19% or 9 / 47 and 15% or 53
/ 346 for van, lorry and bus drivers, respectively).
Table 6.14 shows the distribution of drivers and riders involved in injury and damage 
accidents by kind of driver or rider and road hierarchy level, which supports the 
investigation o f whether the proportions of different kinds of driver and rider involved 
in Almada road accidents vary between different classes of road.
Table 6.14 Drivers and riders involved in accidents by road hierarchy level
Primary Distributors 
Damage InjuryTotal
Main Roads and 
Local Distributors 
Damage Injury Total
Access Roads 
Damage Injury Total
TOTAL 
Damage Injury Total
Cyclists - -- — 2 1 3 1 - 1 3 1 4
Motorcyclists 25 53 78 50 56 106 5 6 11 80 115 195
Can and taxi drivers 316 92 408 760 145 905 161 16 177 1237 253 1490
Van, lorry, bus drivers 100 30 130 254 35 289 39 2 41 393 67 460
TOTAL 441 175 616 1066 237 1303 206 24 230 1713 436 2149
As would be expected from the corresponding results for numbers of accidents (Table 
6.5), type A analysis of the column totals in Table 6.14 ( x \  ~ 42.47 and P is 
infinitesimal) provides strong evidence to reject the null hypothesis that the proportion 
o f accident-involved drivers and riders involved in injury accidents is the same on all 
levels of the road hierarchy. In particular, there is clear evidence ( x ]  ~ 25.91 and P is 
infinitesimal) that the proportion (28% or 175 / 616) o f drivers and riders involved in 
accidents on primary distributors who were involved in injury accidents was higher than
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the corresponding proportion (18% or 237 / 1303) on main roads / local distributors, and 
that the latter in turn (X\  ~ 8.32 and P = 0.39%) was higher than the corresponding 
proportion (10% or 24 / 230) on access roads.
It is now relevant to compare the accident patterns of different kinds o f driver on 
various levels of the road hierarchy by testing the null hypothesis that the proportions of 
accident-involved drivers and riders of different kinds are the same on the three levels 
of the road hierarchy. The type B analysis for data in Table 6.14, for accidents of all 
types taken together, but excluding cyclists, shows { x l  ~ 19.23 and P = 0.07%) that 
there is strong evidence to reject the null hypothesis. In other words, there was a 
significant difference between levels in the road hierarchy in the mix of drivers involved 
in accidents.
For example, there is clear evidence that the proportion (40% or 78 / 195) of accident- 
involved motorcyclists whose accidents were on primary distributors was higher than 
the corresponding proportions (27% or 408 /1490 and 28% or 130 / 460) for car / taxi 
and van / lorry / bus drivers, respectively.
Statistically significant interactions between the type of accident (injury or damage) and 
the level o f road hierarchy (Table 6.5), and between the mix o f accident-involved 
drivers and the level o f the road hierarchy have been established. Therefore, it is 
reasonable to test the null hypotheses that the interaction between the type of accident 
and the level in the road hierarchy is the same for all kinds of driver. The type C 
analysis for data in Table 6.14 (excluding access roads and cyclists) shows ( x \  = 
180.12 and P is infinitesimal) that there is strong evidence to reject the null hypothesis.
There is clear evidence from pairwise comparisons (with x l  varying from 8.23 to 4.25 
and P from 0.4% to 4%, respectively) that separately for the motorcyclists, car / taxi 
drivers and van / lorry / bus drivers, the difference between primary distributors and 
main roads / local distributors in the proportion of accident-involved drivers who had 
injury accidents is statistically significant. Moreover, the difference between primary 
distributors and main roads / local distributors in the proportion o f accident-involved 
van, lorry and bus drivers (23% or 30 / 130 and 12% or 35 / 289, respectively) who 
were involved in injury accidents was greater than for motorcyclists (68% or 53 / 78 and
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53% or 56 / 106, respectively) or car and taxi drivers (23% or 92 / 408 and 16% or 145 / 
905, respectively).
In addition, the data in Table 6.14 allows the type D analysis for car and taxi drivers to 
be extended to include access roads to show (X\  =8.10 and P = 0.44% and X\ = 5.70 
and P = 2%, respectively) that the proportions of these drivers involved in accidents 
who had injury accidents was higher on primary distributors (23% or 92 / 408) than on 
main roads / local distributors (16% or 145 / 905) and this in turn was higher than on 
access roads (9% or 16 /177).
d) Which kinds of vehicles were involved in the accidents?
Finally to complete the picture for the city of Almada, excluding the primary 
distributors without frontage access, analysis o f the severity and location in the road 
hierarchy of accidents in which different kinds of vehicle were involved was divided 
into two parts: single versus multi-vehicle accidents and accidents by type o f vehicles.
Single and multi-vehicle accidents
Multi-vehicle accidents have themselves been split into two sub-groups: multi-vehicle 
accidents with at least one parked vehicle and multi-vehicle accidents with all vehicles 
moving. This is because of the different nature of these two kinds of accident and 
because urban parking policy is a subject to which Almada’s Local Authority is giving 
increasing attention (Sections 3.2 and 6.1). In Almada, a high proportion (95% or 226 / 
238) o f accidents involving parked vehicles were damage accidents, although less than 
one quarter (226 / 986) of reported damage accidents involved parked vehicles. Table 
6.15a shows the number of single and multi-vehicle accidents by level of the hierarchy.
Underreporting is one of the road accident data limitations identified in Section 2.4. The 
literature (European Commission DG VII, 1998a and references therein) suggests that 
underreporting varies according to severity and is higher for single-vehicle accidents. In 
fact, figures in Table 6.15a are consistent with this expectation, supporting the suspicion 
that single-vehicle damage accidents are likely to be underreported not only relative to 
single-vehicle injury accidents but also relative to multi-vehicle damage accidents. For 
this reason, comparisons between single and multi-vehicle accidents will be confined to 
injury accidents (Table 6.15b).
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Table 6.15a Single-vehicle accidents, multi-vehicle accidents with at least one parked
vehicle, and multi-vehicle accidents with all vehicles moving by road 
hierarchy level
Primary Distributors 
Damage Injury Total
Main Roads and 
Local Distributors 
Damagelnjury Total
Access roads 
Damagelnjury Total
TOTAL 
Damage Injury Total
Single - vehicle 11 46 57 16 53 69 9 15 24 36 114 150
Multi At least one parked 15 2 17 156 8 164 55 2 57 226 12 238
vehicle All moving 200 62 262 448 86 534 76 4 80 724 152 876
TOTAL 226 110 336 620 147 767 140 21 161 986 278 1264
Table 6.15b Single and multi-vehicle injury accidents by road hierarchy level
Primary Main Roads and Access roads TOTAL
Distributors Local Distributors
Single - vehicle 46 53 15 114
Multi - vehicle 64 94 6 164
TOTAL 110 147 21 278
Given that there is a high proportion of pedestrian casualties on access roads (previous 
heading), it is relevant to test the null hypothesis that the proportion of reported injury 
accidents that are single-vehicle accidents is the same on the three levels o f the road 
hierarchy. The x2 analysis of type B for data in Table 6.15b shows (x\  ~  9.55 and P 
=0.84%) that there is enough evidence to confidently reject the null hypothesis. 
Corroborating previous expectation, there is clear evidence (X\  = 6.21 and P = 1%; 
and j , 2 = 9.54 and P = 0.20%) that the proportion (71% or 15 / 21) of injury accidents 
on access roads which were single-vehicle accidents was higher than the corresponding 
proportions (42% or 46 /110  and 36% or 53 / 147) on the primary distributors and main 
roads / local distributors, respectively.
As parking on footways and double-parking is frequent in Almada (Section 6.1) it is 
interesting to analyse multi-vehicle accidents with and without parked vehicles. 
Accidents associated with parked vehicles are likely to be more numerous than the data 
show, as records are made only if  the parked cars are directly involved in the accident.
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Other important ways o f parked cars being implicated in accidents, such as hiding 
pedestrians or other vehicles, are not systematically recorded in the accident forms. On 
the other hand, the recorded accidents involving parked vehicles were not only the 
accidents reported by the driver o f the moving vehicle. In fact it was identified from the 
accident reports that some of the 226 reported damage multi-vehicle accidents with at 
least one car parked were reported at the local police station by the owners o f damaged 
parked cars.
Since parked vehicles are usually unoccupied, the proportion of accidents involving 
injury may be lower for accidents involving parked vehicles than for those in which all 
vehicles are moving. It is, therefore, useful to test the null hypothesis that the proportion 
of accidents involving injury is the same for reported accidents involving one parked 
vehicle as for reported multi-vehicle accidents with all vehicles moving. Type A 
analysis o f data in Table 6.15a, provides strong evidence (X\  = 22.59 and P is 
infinitesimal) that the proportion (5% or 12 / 238) o f reported multi-vehicle accidents 
involving at least one parked vehicle which were injury accidents was lower than the 
corresponding proportion (17% or 152 / 876) for the same type of accident with all 
vehicles moving.
The question arises whether the data are consistent with the null hypothesis that there is 
no difference in proportion of reported multi-vehicle road accidents involving at least 
one parked vehicle with respect to the level within the functional road hierarchy. The 
type B analysis for data in Table 6.15a shows (%] = 74.03 and P is infinitesimal) there 
is strong evidence to be able to reject the null hypothesis in favour of the alternative 
hypothesis. Indeed, type D analyses show (X\  = 19.30 and 40, respectively and P is 
infinitesimal) that the proportion (42% or 57 / 137) o f accidents on access roads that 
involved at least one parked vehicle was clearly higher that the corresponding 
proportion (23% or 164 / 698) on main roads /local distributors. Also, the latter was 
clearly higher than the corresponding proportion (6% or 17 / 279) on primary 
distributors.
Previous analysis has shown that there is a statistically significant difference between 
levels of the road hierarchy in the proportion o f road accidents that involved injury 
(Table 6.5), so one hypothesis is that the same is observed for multi-vehicle accidents.
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The x2 analysis for data in Table 6.15c shows (xl  ~ 27.55 and P is infinitesimal) that 
there is overwhelming evidence to reject the null hypothesis that the proportion of 
reported multi-vehicle accidents that involve injury is the same on the three levels o f the 
road hierarchy. Pairwise comparisons for proportions of multi-vehicle accidents on 
each level of the road hierarchy which involved injury show = 13.19 and P =
0.02%; and^,2 = 8.97 and P = 0.27%, respectively) clear evidence that this proportion 
was higher on primary distributors (23% or 64 / 279) than on main roads/local 
distributors (13% or 94 / 698), and this in turn was higher than on access roads (4% or 6 
/ 137).
Table 6.15c Multi-vehicle accidents by road hierarchy level
Primary
Distributors
Main Roads and 
Local Distributors
Access roads TOTAL
Injury 64 94 6 164
Damage 215 604 131 950
TOTAL 279 698 137 1114
Similar differences are found in the last row of Table 6.15a for multi-vehicle accidents 
with all vehicles moving, and if the numbers of reported multi-vehicle injury accidents 
involving at least one parked vehicle were not too small to draw inferences, it would be 
interesting to test the null hypothesis that this interaction is the same irrespective of the 
existence o f parked vehicles.
Types of vehicles involved in accidents
459 vehicles were involved in the 278 injury accidents and 2 027 vehicles were 
involved in the 986 damage accidents. The distribution of the 452 vehicles o f known 
type involved in injury accident and 1 964 vehicles of known type involved in damage 
accidents by type and level in the road hierarchy is shown in Table 6.16.
Studies in many countries have dealt with the road safety problems associated with 
different types o f vehicle. For example, there has been significant work analysing 
motorcycle safety issues and there is a considerable body o f knowledge about the 
involvement o f vans in accidents (Section 2.1.4). Unfortunately few analyses so far
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have attempted to investigate the role of different types of vehicle in road safety in 
Portuguese urban areas (Section 3.2).
Table 6.16 Vehicles involved in accidents by road hierarchy level
Primary Distributors 
Damage Injury Total
Main Roads and 
Local Distributors 
Damage Injury Total
Access roads 
Damage Injury Total
TOTAL 
Damage Injury Total
Bicycle - - — 2 1 3 1 — 1 3 1 4
Motorcycle 27 53 80 57 56 113 7 6 13 91 115 206
Car 323 94 417 900 149 1049 208 19 227 1431 262 1693
Taxi 4 1 5 9 2 11 1 — 1 14 3 17
Van 61 19 80 217 32 249 42 2 44 320 53 373
Lorry 10 4 14 17 1 18 5 1 6 32 6 38
Bus 30 7 37 35 5 40 2 - 2 67 12 79
Others 3 - 3 3 0 3 - - — 6 — 6
TOTAL 458 178 636 1240 246 1486 266 28 294 1964 452 2416
Nationwide, cars, taxis and small vans represent 94% of the motorised fleet, whereas 
motorcycles and heavy vehicles represent 3% each (Section 3.1) Although the 
corresponding percentages in Almada were not available for this study, given the 
national picture, it is surprising that only 86% (2083 / 2416) o f vehicles involved in 
accidents were cars, taxis and vans. The motorcycle effect, which had already been 
identified (heading c) o f this section), seems to emerge again with motorcycles 
accounting for 9% (206 / 2 416) of accident-involved vehicles. Heavy vehicles, which 
accounted for 5% (117 / 2 416) of the accident-involved vehicles, may perhaps also be 
over represented.
The question arises whether data are consistent with the null hypothesis that the 
proportion o f reported accident-involved vehicles involved in injury accidents is the 
same for motorcycles, cars / taxis / vans and lorries / buses. As to be expected from the 
corresponding analysis for drivers in Table 6.13, the type A analysis for data in Table 
6.16 shows ( x l  -  203.38 and P is infinitesimal) that there is overwhelming evidence to 
reject the null hypothesis, in other words, the proportion involved in injury accidents 
varied with the type of accident-involved vehicle.
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Motorcycles were 9% of all reported (injury and damage) accident-involved vehicles 
but accounted for about 25% (115 / 452) of the vehicles involved in injury accidents; 
whereas cars / taxis and vans, which were 86% of accident-involved vehicles, 
represented only about 70% (318 / 452) o f the vehicles involved in injury accidents. 
Pairwise comparisons for proportions of each type of vehicle show that there is clear 
evidence from Table 6.16 that the proportion (56% or 115 / 206) of accident-involved 
motorcycles which had injury accidents was higher than the corresponding proportions 
(15% each or 318 / 2083 and 18 / 117, respectively) for cars / taxis / vans and 
lorries / buses. These facts confirm the finding from the analysis for drivers and riders 
that accidents involving motorcycles are more likely to give rise to injury than those 
involving other vehicles.
Factors such as the effect of land use and detailed road layout that may affect road 
safety differently for different types o f vehicle have not yet been analysed in Portugal. 
The question arises whether the data are consistent with the null hypothesis that there is 
no difference with respect to the level within the functional road hierarchy in the 
proportions by type of vehicles involved in accidents. As is to be expected from the 
corresponding analysis for drivers and riders in Table 6.14, the type B analysis for data 
in Table 6.16, excluding the first and last rows, and combining cars with taxis, and 
lorries with buses, shows ( x l  ~ 47.05 and P is infinitesimal) that there is overwhelming
evidence to reject the null hypothesis. In other words, there was a significant difference 
between different levels of the hierarchy in the mix of types of vehicle involved in 
accidents.
Excluding the first and last types o f vehicle in Table 6.16, analyses of type D { x l  = 
13.37 and P = 0.03%; and^,2 = 14.91 and P = 0.01%, respectively) show that the 
proportion (13% or 80 / 633) of vehicles involved in accidents on primary distributors 
which were motorcycles was higher than corresponding proportions (8% or 113/ 1480 
and 4% or 13 / 293) on main roads / local distributors and access roads, respectively. 
And, without chi-squared analyses, it is clear that the proportions (39% or 80 / 206 and 
44% or 51 / 117) of accident-involved motorcycles and lorries / buses respectively 
which had accidents on primary distributors were higher than the corresponding 
proportions (25% or 422 / 1710 and 21% or 80 / 373, respectively) for cars / taxis and 
vans.
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Analysis in Almada indicates that the proportion of reported road accidents that 
involved injury decreased from the higher to the lower levels of the functional road 
hierarchy (Table 6.5). It is, therefore, useful to confirm that the same is true for vehicles 
involved in accidents by testing the null hypothesis that the proportion of reported 
accident-involved vehicles which were involved in injury accidents was the same on the 
three levels of the hierarchy o f roads. The type A analysis for data in Table 6.16 shows 
(xl  = 56.85 and P is infinitesimal) that there is strong evidence to reject the null 
hypothesis, i.e., there was a significant difference between levels of the hierarchy in this 
proportion.
As could be predicted, pairwise comparisons of proportion of accident-involved 
vehicles involved in injury accidents on each level in the hierarchy show ( x l  -  36.41 
and P is infinitesimal and^,2 = 9.31 and P = 0.22%, respectively) clear evidence that the 
proportion on primary distributors (28% or 178 / 636) was higher than on main 
roads /local distributors (17% or 246 / 1486) and this, in turn, was higher than the 
proportion on access roads (10% or 28 / 294).
Having just confirmed the statistically significant interaction between levels of the 
hierarchy and type (injury / damage) of accident, it is relevant to test the null hypothesis 
that this interaction is the same for every type of vehicle. Some of the expected values 
for injury accidents on access roads are clearly less than five, so this level of the 
functional road hierarchy has been excluded for this investigation. For the same reason, 
bicycles and “other” vehicles have been excluded and cars/tax is and lorries / buses 
have been combined. The type C significance test ( x l  = 204.13 and P is infinitesimal)
for primary distributors and main roads/local distributors, and for motorcycles, 
cars / taxis, vans and lorries / buses shows that there is overwhelming evidence to reject 
the null hypothesis.
In particular, there is clear evidence ( x l  =5.31 and P = 2%) that the proportion (66% 
or 53 / 80) o f motorcycles involved in accidents on primary distributors which had an 
injury accident was higher than the corresponding proportion (50% or 56 / 113) on main 
roads / local distributors. In addition, this proportion was higher than the proportions
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(23% or 95 / 422, 24% or 19 / 80, and 22% or 11 / 51) of the cars/taxis, vans, and 
lorries / buses respectively involved in accidents on primary distributor which had an 
injury accident.
e) Summary of accident analysis on primary distributors with
frontage access, main roads, local distributors and access roads
Table 6.17 shows some of the factors associated with the 278 injury and 986 damage 
accidents reported in Almada (excluding accidents on primary distributors without 
frontage access). The table is followed by a review of the conclusions drawn from the 
accidents analysis. Detailed analysis (Table 6.3) has shown that the safety problems on 
roads with frontage access in Almada were:
1. Relatively high proportion (27% or 336 / 1264) of accidents on primary 
distributors with frontage access (5.5km long). The estimated length of all roads 
with frontage access is 105.5 km (Table 6.5);
2. The proportion (33% or 110 / 336) o f accidents on primary distributors with 
frontage access which involved injury was higher than the corresponding 
proportions (19% or 147 / 767 and 13% or 21 / 161) on the main roads / local 
distributors and access roads respectively (Table 6.5);
3. Relatively high severity ratio on primary distributors with frontage access (16%) 
and access roads (19%). However, there were three fatal accidents on primary 
distributors and none on access roads (Table 6.6a);
4. A high proportion (71% or 235 / 330) of vulnerable road user casualties, with 
similar numbers for pedestrians (113) and motorcyclists (120) (Table 6.10a);
5. A high proportion (79% or 33 / 42) o f elderly casualties were pedestrians. More 
than half (56% or 79 / 142) of the young casualties were motorcyclists (Table 
6 .11);
6. A high proportion of drivers involved in accidents were aged 24 years and under, 
especially injury accidents, in particular motorcyclists (Table 6.13). The 
proportion of injury accidents was particularly high for motorcyclists on primary 
distributors (Table 6.14);
7. A substantial proportion (40% or 114 / 278) o f injury accidents were single­
vehicle accidents (Table 6.15a). The information on the proportion of single­
vehicle accidents that involved pedestrians was not available at the city-wide 
level for this study (Section 7.3.3);
8. A substantial proportion o f damage accidents involving parked vehicles, except 
on primary distributors (Table 6.15a);
9. A substantial proportion (25% or 115 / 452) of injury accidents involving 
motorcycles (Table 6.16).
Conclusions from this summary and safety problems identified on primary distributors 
without frontage access (headings g) and h)) will be drawn Section 6.4.4.
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Table 6.17 Interesting features emerging from analysis of accident records on roads with frontage access belonging to different levels o f the 
road hierarchy in Almada
Primary distributors Main roads and local distributors Access roads
Feature____________________Damage Injury Damage Injury D am ag e__________ Injury
Number of accidents (vehicles involved) 226 (458) 110(178) 620(1240) 147 (246) 140 (266) 21(28)
Severity ratio of injury accidents * — 16% — 5% — 19%
Percentage of
riders / drivers who were aged 16 to 24 
years (incl.)
17% of which 
14% were 
motorcyclists
25% of which 
74% were 
motorcyclists
22% of which 
17% were 
motorcyclists
29% of which 
53% were 
motorcyclists
21% of which 
8% were 
motorcyclists
43% of which 
60% were 
motorcyclists
vehicles involved which were cars / taxis 71% 53% 73% 61% 79% 68%
vehicles involved which were vans 13% 11% 18% 13% 16% 4%
vehicles involved which were
motorcycles 6% 30% 5% 23% 3% 21%
accidents which were single-vehicle 5% 42% 3% 36% 6% 71%
multi-vehicle accidents which involved at 
least one parked vehicle 7% 3% 26% 9% 42% 10%
Number of casualties 135 171 24
Percentage of
casualties who were pedestrians 37% 29% 58%
casualties who were motorcyclists 38% of which 64% were aged 24 years and under
37% of which 70% were aged 
24 years and under
21% of which 100% were aged 
24 years and under
casualties who were aged 14 and under 5% of which 57% were pedestrians 9% of which 43% were pedestrians 17% of which 75% were pedestrians
casualties who were aged 65 and over 13% of which 82% were pedestrians 13% of which 76% were pedestrians 17% of which 75% were pedestrians
Severity ratio = 100 x (fatal accidents + serious accidents) / injury accidents
222
f) Primary distributors without frontage access
In the light of heading a) of this section, this sub-section reports the road safety analysis 
undertaken for the primary distributors without frontage access. Naturally, the questions 
posed for all the remaining classes of road (Table 6.3) were repeated for this type of 
primary distributor, i.e., analysis o f road safety problems follows the same general line 
as in previous analysis for roads with frontage access (headings a) to d) of this section) 
and tests a similar range of null hypotheses to the extent that the data allow, and null 
hypotheses will, therefore, be introduced without repeating the rationale for them.
The main function of the primary distributors without frontage access, which have little 
interaction with the life of the city, is to cater for fast moving long distance through 
traffic (Figure 6.9). There are few private driveways, junctions are relatively rare and 
there is little parking of vehicles. They also have comparatively few pedestrians. These 
roads, with high capacity and generally good visibility conditions, are typically 10 to 15 
metres wide. The primary distributors with frontage access cater for similar traffic and 
have approximately the same geometric characteristics, but they also have considerable 
localised activity. Since they have residential blocks, leisure areas and shops along most 
of their length, pedestrians cross them almost everywhere (Figure 6.8) and drivers often 
need to stop and start. Junctions are much more frequent and there is extensive parking 
and occasionally double-parking.
Understanding road environmental characteristics is vital in understanding the 
differences in accident problems between primary distributors without and with frontage 
access. For example, on primary distributors without frontage access a lower proportion 
of casualties were pedestrians, a lower proportion o f accidents involved injuries and a 
lower proportion o f accident-involved drivers were motorcyclists. The remainder of this 
sub-section pieces together the quantification o f the differences of interest which are 
statistically significant, between the primary distributors without and with frontage 
access. In order to facilitate analysis, road accident data on primary distributors with 
frontage access are brought forward from previous headings and set out in tables 
together with corresponding values for primary distributors without frontage access.
223
What kind of accidents occurred and where did they happen?
On the eight kilometres of these roads, 65 injury and 226 damage accidents were 
reported in 1996. Previous analysis has shown a significant difference between classes 
of road with frontage access in the proportion of reported accidents that involve injury 
(heading a) of this section). It is now relevant to test the null hypotheses that the 
proportion of reported accidents that involve injury is the same on primary distributors 
with and without frontage access. The %2 analysis for data in Table 6.5 shows (X\ ~ 
8.38 and P= 0.38%) that there is enough evidence to reject the null hypothesis, i.e., there 
is clear evidence that the proportion (22% or 65 / 291) of accidents on primary 
distributors without frontage access which involved injury was lower than the 
corresponding proportion (33% or 110 / 336) on primary distributors with frontage 
access. Perhaps, the role of pedestrian accidents, which always involve injury, on 
primary distributors with frontage access made the proportion of accidents involving 
injury higher. For the purpose of this analysis it would be desirable to compare the 
proportion o f pedestrian accidents on both primary distributors with and without 
frontage access at city-wide level. However, the initially proposed scheme for collecting 
and storing road accident data (Section 6.4.1) does not allow for this information to be 
easily accessed and time constrains prevented the access to this information at city-wide 
level. Pedestrian and non-pedestrian accidents will be identified later at area-wide level 
(heading a) o f Section 6.6.3.3). This limitation of the road accident collection scheme is 
recognised in Table 7.1 and improvements on data collection and management are 
proposed in Table 7.3.
However, the fact that there were 30 more (50 compared with 20 -  heading “Who were 
involved in accidents? ” o f this section) pedestrian casualties on primary distributors 
with frontage access accounts for about two thirds o f the 45 (110 compared with 65) 
extra injury accidents on primary distributors with frontage access.
The number o f injury accidents per kilometre o f primary distributor without frontage 
access (8.1 or 65 / 8) was considerably lower than for the same type of roads with 
frontage access (20 or 110 / 5.5).
Amongst the injury accidents on the primary distributors without frontage access, there 
were 2 fatal, 8 serious and 44 slight accidents. As there is no information on the severity
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of the remaining 11 injury accidents, for accident analysis purposes they were 
considered slight accidents. Data in Table 6.18 can be seen to be consistent with the null 
hypotheses that that there was no difference in the severity of reported accidents
^  A
between primary distributors without and with frontage access. The % analysis (X\  =
0.03 and P= 86%) for these data (combining the two first columns due to the small 
number of reported fatal accidents) confirms this.
Table 6.18 Injury accidents on primary distributors without and with frontage access
Fatal Serious Slight TOTAL
Primary distributors without frontage access 2 8 55 65
Primary distributors with frontage access 3 15 92 110
TOTAL 5 23 147 175
The severity ratio (Equation 3.2 -  Section 3.1) on these roads was 15% (10 / 65), and is 
similar to the severity ratio (16% or 18 / 110) on primary distributors with frontage 
access.
When did the accidents happen?
The type A analysis (xl0 =6.10 and P = 81%) for data in Table 6.19, merging January
and February figures due to the small numbers of injury accidents, does not reject the 
null hypothesis that the proportion o f reported road accidents on primary distributors 
without frontage access that involve injury is the same in each month, i.e., differences 
between months in the proportion of reported accidents that involved injury could have 
arisen by chance on both types o f primary distributor.
Whereas the type A analysis for data in Table 6.20 ( x l  ~ 2.86 and P = 83%) does not
reject the null hypothesis that the proportion of reported road accidents that involved 
injury on primary distributors with frontage access is the same in each day o f the week,
i.e. the differences between days o f the week in the proportion of reported accidents that 
involved injury could easily have arisen by chance; it does suggests ( x l  = 12.33 and P 
= 5%) the rejection of this null hypothesis for primary distributors without frontage 
access. In particular, type D analysis ( x l  = 7 .1 1  and P = 1%) indicates that the
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proportion of accidents at weekends (34% or 24 / 71) which were injury was higher than 
that for the other days of the week (19% or 41 / 220).
Table 6.19 Accidents on primary distributors without and with frontage access by 
month
Primary Distributors Primary Distributors
without frontage access with frontage access
Months Damage Injury TOTAL Damage Injury TOTAL
January 18 1 19 23 9 32
February 20 4 24 29 11 40
March 14 6 20 24 12 36
April 16 6 22 16 4 20
May 15 7 22 11 5 16
June 16 5 21 20 11 31
July 26 7 33 14 8 22
August 19 5 24 9 10 19
September 16 5 21 21 10 31
October 23 5 28 15 8 23
November 20 5 25 16 14 30
December 23 9 32 28 8 36
TOTAL 226 65 291 226 110 336
Table 6.20 Accidents on primary distributors without and with frontage access by day 
o f the week
Primary Distributors Primary Distributors
without frontage access with frontage access
Days o f  week Damage Injury TOTAL Damage Injury TOTAL
Sunday 22 14 36 28 9 37
Monday 31 8 39 28 11 39
Tuesday 38 4 42 31 15 46
Wednesday 38 13 51 39 19 58
Thursday 31 5 36 35 23 58
Friday 41 11 52 34 17 51
Saturday 25 10 35 31 16 47
TOTAL 226 65 291 226 110 336
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The x analysis for data was applied to Table 6.21 to test the null hypotheses that there 
is no difference between periods o f the day in the proportion of reported accidents on 
primary distributors without frontage access that involved injury. Result (%\ -  4.67 and 
P= 32%) does not reject the null hypothesis, so that the difference between times of day 
in the proportions of reported accidents that involved injury could easily have arisen by 
chance.
Table 6.21 Accidents on primary distributors without and with frontage access by 
period of the day
Primary Distributors without frontage access 
Damage Injury TOTAL
Primary Distributors with frontage access 
Damage Injury TOTAL
0:00 to 6:59 21 9 30 26 10 36
7:00 to 10:59 52 9 61 33 17 50
11:00 to 15:59 56 14 70 65 25 90
16:00 to 20:59 76 24 100 74 42 116
21:00 to 23:59 20 9 29 27 16 43
TO T A L 225 65 290 225 110 335
It is also interesting to test the null hypothesis that there is no difference between the 
primary distributors without and with frontage access in the distribution o f numbers of 
reported accidents with respect to periods o f the day. The type B analysis shows ( ~
4.83 and P= 31%) that the difference between these two types of primary distributor in 
the distribution of reported accidents by time o f day could easily have arisen by chance.
Previous analysis has established a statistically significant difference between the 
proportions o f reported accidents that involved injury on primary distributors without 
and with frontage access. It is, therefore, useful to test the null hypothesis that this 
difference is similar in all the periods o f the day. The type C analysis for data in Table 
6.21 shows ( Xn  ~ 12.24 and P= 43%) that the variation over periods of the day in this 
difference could easily have arisen by chance.
Who were involved in accidents?
Analysis o f who were involved in accidents on primary distributors without frontage 
access was split into the study of casualties and drivers / riders.
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Casualties
The 65 accidents caused injury to 81 people, o f whom 11 were fatally or seriously 
injured and 70 were slightly injured. Table 6.22a shows casualties on primary 
distributors without and with frontage access by severity and by road user group.
Table 6.22a Casualties on primary distributors without and with frontage access by 
severity and by road user group
Primary Distributors without frontage access Primary Distributors with frontage access
Fatal/Serious Slight TOTAL Fatal/Serious Slight TOTAL
Pedestrians 3 17e 20 13 371 50
Bicycle user - 1 1 — — —
Motorcycle users 6 25“ 31 3
oOO 51
Car / taxi users 2 20 b 22 4 22 b 26
Bus users — -- — 2 — 2
Van / lorry users — 7* 7 -- 6 b 6
TOTAL 11 70 81 22 113 135
* Includes 1 casualty whose severity is unknown e Includes 5 casualties whose severity is unknown
b Includes 2 casualties whose severity is unknown d Includes 6 casualties whose severity is unknown 
c Includes 3 casualties whose severity is unknown
Due to the small numbers existing in cells of Table 6.22a, analyses were carried out 
excluding bicycle users and merging car, taxi, bus, van and lorry users (Table 6.22b).
Vulnerable road user flows and crossing movements on primary distributors without 
and with frontage access were not available for this study, preventing analysis of their 
relative risk. Primary distributors without frontage access have mainly traffic movement 
functions and are less involved in the life of the city. It is, therefore, expected that fewer 
pedestrians walk along and cross these roads. Hence, it is relevant to test the null 
hypothesis that there is no difference in the proportion of reported casualties who were 
pedestrians on primary distributors without and with frontage access. The x2 analysis 
for data in Table 6.22b shows ( X\ = 3.31 and P = 7%) that there is some indication that 
that the proportion o f casualties on primary distributors without frontage access (25% or 
20 / 80) who were pedestrians was lower than on primary distributors with frontage 
access (37% or 50 / 135).
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Table 6.22b Casualties on primary distributors without and with frontage access by 
severity and by road user group with all motor vehicle users, except 
motorcyclists, combined
Primary Distributors Primary Distributors
without frontage access with frontage access
Fatal/Serious Slight TOTAL Fatal/Serious Slight TOTAL
Pedestrians 3 17 20 13 37 50
Motorcycle users 6 25 31 3 48 51
Car, taxi, bus, van and lorry users 2 27 29 6 28 34
TOTAL 11 69 80 22 113 135
Analysis for data in Table 6.18 did not find a statistically significant difference in the 
severity o f reported injury accidents between primary distributors without and with 
frontage access. The question arises whether the casualty data are correspondingly 
consistent with the null hypothesis that there is no difference in severity o f the injured 
casualties with respect to type o f primary distributor. The type A analysis for data in 
Table 6.22b (X\  ~ 0-25 and P = 62%) confirms that they were, i.e., the difference in the 
proportions o f casualties that are fatal / serious or slight between these two kinds o f 
primary distributor could have arisen by chance. The numbers of fatal and serious 
casualties in the different road user groups were too small to allow comparisons 
between the severity o f injury of different road user groups on the two kinds of primary 
distributor.
It is important to investigate the age distributions o f casualties to different road user 
groups in accidents on primary distributors without frontage access (Table 6.23). This 
analysis illustrates the difficulty to draw firm conclusions from the results when: (1) 
small numbers are present in many cells of a table; and (2) the ages o f 6 out of 85 
reported casualties were missing. As it is not clear whether missing information varies 
with age group and casualty type, the small numbers in the analysis should be 
interpreted with particular caution.
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Table 6.23 Casualties on primary distributors without and with frontage access by
age group
Primary Distributors 
without frontage access
Primary Distributors 
with frontage access
Years old 0 to 14 15 to 24 25 to 64 65 and over TOTAL Oto 14 15 to 24 25 to 64 65 and over TOTAI
Pedestrians 4 2 9 3 18 4 7 23 14 48
Bicycle user 1 -- - 1 -- - - —
Motorcycle users 2 11 16 1 30 1 31 18 - 50
Car and taxi users 1 3 13 2 19 2 7 14 3 26
Bus users - - - - - 1 1 -- 2
Van and lorry users ~ 3 4 - 7 - 3 3 -- 6
TOTAL 8 19 42 6 75 7 49 59 17 132
The small numbers existing in many cells of this table restricted the analysis to data, 
however selected chi-squared tests have been carried out to assess the safety problems 
faced by particular road user groups.
Since 58% (11 / 19) of the casualties aged 15 to 24 years on primary distributors 
without frontage access were motorcycle users, it is interesting to test the null 
hypothesis that there is no difference on this type of road between the age groups 15 to 
24 and 25 to 64 years old in the proportion of reported casualties who were motorcycles 
users. As far as can be determined from the data available, type D analysis shows just a 
slight indication that ( ~ 2.08 and P = 15%), this proportion might have been higher 
for the younger age group than for those aged 25 to 65 years (38% or 16 / 42).
The type A analysis applied to Table 6.23 gives some indication to reject ( z l  ~ 0.20
and P = 10%) the null hypotheses that there was no difference between the two types of 
primary distributor in the proportions o f casualties who were 0 to 14, 15 to 25, 25 to 64 
and 65 and over years old. In fact, there is some indication (X\ ~ 2.01 and P = 8%) 
that the proportion of 15 to 24 years old casualties was lower on primary distributors 
without frontage access (25% or 19 / 75) than on primary distributors with frontage 
access (37% or 49 / 132). In particular, although type C analysis cannot be applied to 
this table due to the small numbers, type D analysis shows good indication ( X\ = 4.83 
and P = 3%) that the proportion of the motorcycle user casualties on primary
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distributors without frontage access (37% or 11 / 30) who were aged 15 to 24 years was 
lower than on primary distributors with frontage access (62% or 31 / 50).
Drivers and riders
108 drivers and riders were reported as being involved in the 65 injury accidents and 
443 as being involved in the 226 damage accidents. Table 6.24a shows the distribution 
by age group of drivers and riders whose road user group is known on primary 
distributors without and with frontage access.
On investigating road accidents on primary distributors without frontage access, the 
type A analysis for data is applied to Table 6.24a (part corresponding to the primary 
distributors without frontage access and excluding the first row due to the small number 
of reported accident-involved cyclists) to test the null hypotheses that there is no 
difference in the proportions of accident-involved drivers and riders involved in injury 
accidents between motorcyclists, car / taxi drivers and van / lorry / bus drivers. Result 
i x l  ~ 65.56 and P is infinitesimal) shows overwhelming evidence to reject the null 
hypothesis in favour of the alternative hypothesis, i.e., the proportion o f accident- 
involved drivers and riders in injury accidents on primary distributors without frontage 
access varied with the kind of vehicle driven.
Pairwise comparisons show that whilst the difference in the proportions (17% or 
5 9 /344  and 12% or 14/120, respectively) of accident-involved car/tax i and 
van / lorry / bus drivers involved in injury accidents on primary distributors without 
frontage access could have arisen by chance, they were both lower than the proportion 
(67% or 30 / 45) o f motorcyclists involved in injury accidents.
The question arises whether the data are consistent with the null hypothesis that there is 
no difference between age groups, excluding accident-involved drivers aged 15 years 
and under, in the proportion o f accident-involved drivers on primary distributors 
without frontage access involved in injury accidents. Exceptionally allowing expected 
value (E) o f 4.7 corresponding to the reported number o f drivers aged 65 years and over 
involved in injury accidents, the type A analysis for data in Table 6.24a does not reject 
the null hypothesis ( x l  =0.12 and P = 94%), i.e., the difference between age groups in 
the proportion o f reported accident-involvements that were injury accidents could easily 
have arisen by chance.
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It is also interesting to test the null hypothesis that there is no difference between the 
age groups with respect to kind of rider / driver involved in reported road accidents on 
primary distributors without frontage access. The type B analysis for data in Table 
6.24a, excluding cyclists and drivers aged 15 years and under and 65 years and over due 
to their small numbers, shows ( x l  = 14.44 and P = 0.07%) clear evidence to reject the 
null hypothesis.
In fact, there is clear evidence that the proportion (17% or 18 / 109) of drivers and riders 
aged 16 to 24 years involved in accidents on primary distributors without frontage 
access who were motorcyclists was higher than the corresponding proportion (7% or 
24 / 377) for the group aged 25 to 65 years. Still excluding accident-involved drivers 
and riders aged 65 years and over, there is also clear evidence that the proportion o f 
accident-involved motorcyclists (43% or 18 /42) who were aged 16 to 24 years was 
higher than the same age-group for car and taxi drivers (23% or 74 / 326); and in turn 
there is some indication ( x l  = 3.66 and P = 6%) that the latter was higher that for van 
and lorry drivers (14% or 17 / 118).
The next step would be to test the null hypothesis on primary distributors without 
frontage access that the difference between the proportions of reported accident- 
involved drivers who were involved in injury accidents among drivers aged 16 to 24 
years and those aged 25 to 64 years was the same for every kind of driver. However, the 
expected values for accident-involved motorcyclists and van, lorry and bus drivers aged 
16 to 24 years who were involved in injury accidents is too small to allow the type C 
analysis for data in Table 6.24a, excluding cyclists drivers aged 15 years and under and 
65 years and over, to be valid.
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Table 6.24a Drivers and riders involved in accidents on primary distributors without and with frontage access by age group
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Motorcyclists - - — 7 11 18 6 18 24 2 1 3 15 30 45 - -- - 10 32 42 12 21 33 2 00 2 24 53 77
Car and taxi 
drivers
- - — 64 10 74 206 46 252 15 3 18 285 59 344 - ~ - 54 9 63 231 77 308 15 4 19 300 90 390
Van, lorry, bus 
drivers
-- -- - 16 1 17 88 13 101 2 - 2 106 14 120 -- -- — 9 2 11 80 26 106 5 - 5 94 28 122
TOTAL — l l 87 22 109 300 77 377 19 4 23 406 104 510 - -- - 73 43 116 323 124 447 22 4 26 418 171 589
Primary Distributors
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Nevertheless, pairwise comparison shows that evidence for the higher proportion of 
injury accidents amongst motorcyclists than amongst drivers of other kinds of motor 
vehicle is found in both the age groups 16 to 24 and 25 to 64. Indeed, half (11 /  22) of 
the drivers aged 16 to 24 years involved in injury accidents on primary distributors 
without frontage access were motorcyclists and type D analysis suggests ( ~  22.42 
and P is infinitesimal) that this proportion was higher than the corresponding proportion 
(8% or 7 / 87) for damage accidents. Also the proportion of drivers aged 25 to 65 years 
involved in injury accidents (23% or 18 / 77) on primary distributors without frontage 
access who were motorcyclists was higher than the corresponding proportion (2% or 6 /
300) for reported damage accidents.
Comparisons of primary distributors without frontage access with primary distributors 
with frontage access with respect to types of driver and rider are confined to a smaller 
table (Table 6.24b).
Table 6.24b Drivers and riders involved in accidents on primary distributors without 
and with frontage access, regardless o f their age
Primary Distributors without frontage access Primary Distributors with frontage access
Damage Injury TOTAL Damage Injury TOTAL
Cyclists 1 1 2 — — —
Motorcyclists 17 30 47 25 53 78
Car and taxi drivers 301 60 361 316 92 408
Van, lorry, bus drivers 113 15 128 100 30 130
TOTAL 432 106 538 441 175 616
The type B analysis for data in Table 6.24b, excluding cyclists, was applied to test the 
null hypothesis that there is no difference between primary distributors without and with 
frontage access in the proportions o f accident-involved drivers and riders who were 
motorcyclists, car / taxi and van / lorry / bus drivers. The result shows (xl  = 5-04 and P 
= 8%) that there is some indication to reject the null hypotheses. The type D analysis for 
data in the same table shows some evidence ( x l  ~ 4.58 and P = 3%) that the proportion
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of accident-involved drivers and riders on primary distributors without frontage access 
who were motorcyclists (9% or 47 / 538) was lower than on primary distributors with 
frontage access (13% or 78 / 616).
Previous analyses showed a statistically significant difference between primary 
distributors without and with frontage access in the proportion of accidents involving 
injury and interactions between type of accident (injury and damage) on primary 
distributors o f each kind and the kind of driver. There was also an indication of a 
statistically significant difference between the mixes of accident-involved drivers on 
primary distributors without and with frontage access. It is, therefore, reasonable to test 
the null hypothesis that between the two kinds o f primary distributor in the proportion 
o f accidents that involved injury is the same for all three kinds of driver and rider, i.e. 
motorcyclists, car and taxi drivers and van, lorry and bus drivers. The type C analysis 
for data in Table 6.24b, excluding cyclists, shows ( x i  ~ 138 and P is infinitesimal) 
overwhelming evidence to reject the null hypothesis.
Pairwise comparisons for accident-involved van and lorry drivers show ( x \  ~ 5.78 and 
P = 2%) that the proportion of those who had injury accidents on primary distributors 
without frontage access (12% or 15 / 128) was lower than on primary distributors with 
frontage access (23% or 30 / 130); and there is an indication ( x \  = 4.24 and P = 4%) of 
the same pattern for accident-involved car and taxi drivers (17% or 60/361  and 23% or 
92 / 408, respectively), whereas for motorcyclists the two proportions were similar.
Which kinds of vehicles were involved in the accidents?
In the analysis o f vehicle involvement in accidents, two breakdowns were created: 
analysis of single / multi-vehicle accidents and the study of the type of vehicles 
involved in accidents.
Single and multi-vehicle accidents
Table 6.25 shows the number o f single-vehicle accidents, multi-vehicle accidents with 
at least one parked vehicle and multi-vehicle accidents with all vehicles moving on 
primary distributors without and with frontage access.
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Table 6.25 Single-vehicle accidents, multi-vehicle accidents with at least one parked 
vehicle, and multi-vehicle accidents with all vehicles moving on primary 
distributors without and with frontage access
Primary Distributors Primary Distributors
without frontage access with frontage access
Damage Injury TOTAL Damage Injury T O T  AT.
Single -  vehicle 17 30 47 11 46 57
Multi At least one parked 8 1 9 15 2 17
vehicle All moving 201 34 235 200 62 262
TOTAL 226 65 291 226 110 336
Previous analysis led to the suspicion that single-vehicle damage accidents are likely to 
be under-reported on roads with frontage access in Almada (heading d) o f this section). 
Data in Table 6.25 corroborate the same suspicion in relation to primary distributors 
without frontage access. Since there is no information as to whether extent of under­
reporting is the same on primary distributors without and with frontage access, analysis 
involving single-vehicle damage accidents must be interpreted with caution. As far as 
can be determined from the data available ( x \  ~ 3-73 and P = 5%) the proportion (64% 
or 30 / 47) o f reported single-vehicle accidents on primary distributors without frontage 
access which were injury accidents was lower than the corresponding proportion (81% 
or 46 / 57) on primary distributors with frontage access (Table 6.25).
Since primary distributors without frontage access have less pedestrian activity, it is 
relevant to test the null hypothesis that the proportion of reported injury accidents that 
are single-vehicle injury accidents is the same for primary distributors without and with 
frontage access. The x2 analysis (%] = 0.31 and P= 58%) for data in Table 6.25, 
excluding damage accidents, does not reject the null hypothesis, i.e., the difference in 
the proportions (46% or 3 0 / 65 and 42% or 4 6 / 110, respectively) of reported injury 
accidents which were single-vehicle injury accidents on primary distributors without 
and with frontage access could easily have arisen by chance.
It may well be that parking manoeuvres and illegal parking are less frequent on primary 
distributors without frontage access. The question arises whether the data are consistent 
with the null hypothesis that there is no difference in the proportion o f reported multi-
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vehicle accidents involving at least one parked vehicle on primary distributors without 
and with frontage access. The %2 analysis for data in Table 6.25, excluding single­
vehicle accidents, ( ~ 1-59 and P= 21%) does not reject the null hypothesis. In other
words, the proportions (4% or 9 / 244 and 6% or 17/279, respectively) of reported 
multi-vehicle accidents involving at least one parked vehicle on primary distributors 
without and with frontage access could have arisen by chance.
Given that a statistically significant difference in the proportion of reported accidents 
that involve injury on primary distributors without and with frontage access was 
established earlier (sub-heading What kind o f  accidents occurred and where did they 
happen? o f this heading), it is relevant to confirm that the null hypothesis that there is 
no difference in the proportions o f reported multi-vehicle accidents with all vehicles 
moving that involve injury is rejected. The %2 analysis for data in Table 6.25, shows 
clear evidence (X\ = 6.72 and P = 1%) that the proportion of multi-vehicle accidents 
with all vehicles moving on primary distributors without frontage access (14% or 34 / 
235) which involved injury was lower than on primary distributors with frontage access 
(24% or 62 / 262). The corresponding proportion for multi-vehicle accidents with at 
least one parked vehicle was not analysed in view o f the small numbers under this 
category.
Types of vehicle involved in accidents
The distribution o f vehicles, whose type is known that were involved in injury and 
damage accidents on primary distributors without and with frontage access is shown in 
the Table 6.26a.
Given the small numbers of involved vehicles in some categories, unless otherwise 
stated, analysis o f the types o f vehicle involved in accidents will be carried out 
combining cars / taxis / vans and lorries / buses and excluding bicycles and other 
vehicles (Table 6.26b).
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Table 6.26a Vehicles involved in accidents on primary distributors without and with 
frontage access by type
Primary Distributors Primary Distributors
without frontage access with frontage access
Damage Injury TOTAL Damage Injury TOTAL
Bicycle 1 1 2 — — - -
Motorcycle 17 30 47 27 53 80
Car 301 60 361 323 94 417
Taxi 6 — 6 4 1 5
Van 72 9 81 61 19 80
Lorry 21 2 23 10 4 14
Bus 18 5 23 30 7 37
Others 4 - 4 3 — 3
TOTAL 440 107 547 458 178 636
Table 6.26b Main categories o f vehicles involved in accidents on primary distributors 
without and with frontage access by type
Primary Distributors Primary Distributors
without frontage access with frontage access
Damage Injury TOTAL Damage Injury TOTAL
Motorcycle 17 30 47 27 53 80
C ar/taxi/van 379 69 448 388 114 502
Lorry/bus 39 7 46 40 11 51
TOTAL 435 106 541 455 178 633
As the proportion o f accidents which involved injury was lower on primary distributors 
without frontage access than on primary distributors with frontage access, it is relevant 
to test the null hypothesis that the proportion o f reported accident-involved vehicles 
which were involved in injury accidents was the same on primary distributors without 
and with frontage access. The type A analysis applied to data in Table 6.26b rejects 
(Xi = 11.56 and P = 0.07%) the null hypothesis, i.e., the proportion of reported 
accident-involved vehicles involved in injury accidents was lower on primary 
distributors without frontage access (20% or 106 / 541) than on primary distributors 
with frontage access (28% or 178 / 633).
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It is also interesting to test the null hypothesis that there is no difference between 
primary distributors without and with frontage access in the distribution of reported 
accident-involved vehicles among the three types. The type B analysis applied to Table 
6.26b shows (xl  ~ 4.28 and P = 9%) some indication to reject the null hypothesis. In 
particular, data indicate ( x l  -  4.71 and P = 3%) that the proportion of accident- 
involved vehicles which were motorcycles was lower on primary distributors without 
frontage access (9% or 47 / 541) than on primary distributors with frontage access (13% 
or 80 / 633).
The x2 analysis is applied to Table 6.26b to test the null hypotheses that there is no 
difference between motorcycle, cars / taxis / vans and lorries / buses in the proportion of 
reported accident-involved vehicles involved in injury accidents on primary distributors 
without frontage access. The result (xl  = 63.93 and P is infinitesimal) clearly rejects 
the null hypothesis. Pairwise comparisons show that the proportion of accident-involved 
motorcycles (64% or 30 / 47) which were involved in injury accident was higher than 
the corresponding proportion for cars / taxis / vans and lorries / buses (15% in each case 
or 69 / 448 and 7 / 46). This outcome substantiates the previous findings that 
motorcyclists, and hence motorcycles, are over represented in injury accidents relative 
to damage accidents on primary distributors without frontage access.
Furthermore, the result o f analysis type C shows (xl  ~ 132.70 and P is infinitesimal)
that there is overwhelming evidence to reject the null hypothesis that there is no 
significant difference between the three categories of vehicles in the difference between 
the two types o f primary distributor in the proportion of accident-involved vehicles 
which were involved in injury accidents. For example, there is clear evidence ( x l  -  
8.13 and P = 0.44%) that the proportion (15% or 69 / 448) of cars / taxis / vans involved 
in accidents on primary distributors without frontage access which were involved in 
injury accidents was lower than on primary distributors with frontage access (23% or 
114 / 502) whereas this proportion was similar for motorcycles (64% or 30 / 47 and 
66% or 53 / 80, respectively).
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g) Summary of accident analysis on primary distributors without 
frontage access
Table 6.27 shows some factors associated with the 291 reported accidents on the 
primary distributors without frontage access. These figures have been compared with 
the equivalent values for primary distributors with frontage access (Table 6.17) and 
comments made upon the interesting differences which are statistically significant.
Detailed analysis has shown that the safety problems on the primary distributors without 
frontage access in Almada were:
1. Relatively high proportion (19% or 291 / 1 555) of accidents on primary distributors 
without frontage access (8 km long out of a total o f 113.5 km) (Table 6.5);
2. Relatively high figure of the severity ratio on primary distributors without frontage 
access (15%) as was the case for those with frontage access. There were two fatal 
accidents on these roads in 1996
3. Relatively high proportion (39% or 31 / 80) o f casualties were motorcycle users as 
was the case on primary distributors with frontage access; More than half (6 / 11) of 
fatal and seriously injured casualties were motorcycle users (Table 6.22a and b);
4. More than half (58% or 11 / 19) o f casualties aged 15 to 24 years were 
motorcyclists (Table 6.23);
5. One in five (109 / 510) drivers and riders involved in accidents were aged 24 years 
and under, and o f these 17% (18) were motorcyclists, including 50% (11 / 22) of 
those involved in injury accidents (Table 6.24). This problem is common to the 
other levels of the road hierarchy, and
6. More than a quarter of vehicles (28% or 30 / 107) involved in injury accidents were 
motorcycles (Table 6.26a). As on primary distributors with frontage access this 
proportion is higher than on other kinds of road.
The road safety problems on the roads with and without frontage access in Almada 
(headings e) and g)) are summarised in the next heading h) and lead to the recognition 
of the main safety objectives for the city (Section 6.4.4)
240
Table 6.27 Interesting features emerging from analysis of accident records on primary distributors without frontage access in Almada
Feature
Primary distributor 
without frontage access
Damage Injury
Comparison with the equivalent values for primary distributors with frontage 
access
Number of accidents (vehicles involved) 226 (440) 65 (107)
Severity ratio of injury accidents * — 15% ______
Percentage of
riders / driver who were aged 16 to 24 (incl.)
21% of which 
8% were 
motorcyclists
21% of which 
50% were 
motorcyclists
Proportion of motorcyclists among drivers and riders aged 16 to 24 years involved in 
injury accidents was higher than the corresponding proportion for damage accidents. 
Lower percentage of young riders were involved in injury accidents than on primary 
distributors with frontage access.
vehicles involved which were cars/taxis 70% 56%
Indication that the proportion of accident-involved cars/taxis involved in injury 
accidents was higher on primary distributors without frontage access than on those with 
frontage access.
vehicles involved which were vans 16% 8% Proportion of accident-involved vans involved in injury accidents on primary distributors without frontage access was lower.
vehicles involved which were motorcycles 4% 28% —
accidents which were single-vehicle 7% 46% The proportion of single-vehicle accidents on primary distributors without frontage access that were damage accidents was higher.
multi-vehicle accidents which involved at least one 4% 3%parked vehicle
Number of casualties 81
Percentage of
casualties who were pedestrians 25% Indication that the proportion of casualties who were pedestrians on primary distributors without frontage access was lower.
casualties who were motorcyclists 38% of which 43% were aged 24 years and under
Proportion of young motorcycle users casualties on primary distributors without 
frontage access was lower.
casualties who were aged 14 and under 11% of which 50% were pedestrians The numerical differences between primary distributors without and with frontage in
casualties who were aged 65 and over 8% of which 50% were pedestrians
the percentage of pedestrians who were young and elderly casualties are not statistically 
significant, therefore they are not commented upon here.
* Severity ratio = 100 x (fatal accidents + serious accidents) / injury accidents
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h) Summary of accident analysis in Almada
The dominant road safety problems in Almada gathered from headings e) and g) were:
1. Relatively high proportion of accidents on primary distributors both with and 
without frontage access;
2. Relatively high severity ratio on primary distributors both with and without
frontage access. There were five fatal accidents on these roads in 1996;
3. Although about two-thirds of the vehicles involved in accidents were cars and
taxis, a high proportion o f casualties were vulnerable road users, in particular 
pedestrians and motorcyclists; a high proportion of young adult casualties were 
motorcyclists and of child and elderly casualties were pedestrians;
4. A substantial proportion of drivers and riders involved in accidents were aged 24 
years and under, especially injury accidents, in particular motorcyclists. These 
riders had particular problems in terms o f injury accidents on primary 
distributors;
5. A substantial proportion o f damage accidents involved parked vehicles, except on 
primary distributors;
6. A substantial proportion of injury accidents involved motorcycles.
This information is used as the foundation for identifying the safety objectives in 
Almada (Section 6.4.4).
6.4.4 Identification of safety objectives (B.4)
On the basis o f the dominant problems identified under heading h) of Section 6.4.3, 
appropriate safety objectives for the city of Almada can be judged to be as follows:
1. Reduce the number and severity o f accidents on primary distributors, especially 
those involving motorcyclists;
2. Reduce the number of pedestrians injured especially children and the elderly;
3. Reduce the number of motorcyclists injured;
4. Reduce the number o f accidents involving drivers aged 24 years and under, in 
particular motorcyclists;
5. Reduce the number of accidents involving parked vehicles, in particular on main 
roads, local distributors and access roads.
These safety objectives are based in analysis of numbers of accidents without the use of 
exposure data, which were not available at city-wide level in this study. More typically 
such data would be used in the identification of objectives and in assessing the success 
of any resulting road safety strategy (Section 7.3.3).
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6.4.5 Identification of candidate areas for area-wide study (B.5)
The results of the city-wide strategy were used in an area-wide assessment that was 
made in one particular area of Almada.
Candidate areas for area-wide study should be typically identified after the city-wide 
strategy is finished. However, in order to follow the timetable for this research project 
the detailed data gathering had to start at quite an early stage and for this reason, the 
area of Almada chosen for detailed study was selected prior to the conclusion of the 
city-wide strategy.
Local perception of road safety provided by officers of the Camara Municipal de 
Almada together with detailed site inspection formed the basis for identification of three 
candidate areas for detailed study for the purposes of this research. These areas, whose 
boundaries are shown in the Appendix A. 5, were designated as City Centre, Cova da 
Piedade and Laranjeiro / Feijo. In a typical application of the procedure, the areas 
identified would cover most, if  not all, o f the city.
The approach to be recommended for a typical Portuguese city adopted on the basis of 
experience in other countries and lessons learned from the conduct of the fieldwork in 
Almada will be described in Section 7.4.5.
Description of Cova da Piedade area
The Cova da Piedade area, which is located in Freguesia da Cova da Piedade but does 
not coincide entirely with it, is a local centre in the core of the City of Almada with 
residential and commercial properties. The Cova da Piedade area has approximately 
9 000 people. It covers approximately 1.0 square kilometre and its boundaries are 
shown in Figure 6.13.
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UJ
Q
MR5
MR3
Primary Distributor (PD): 
Main Route 1 (MR1): 
Main Route 2 (MR2): 
Main Route 3 (MR3):
Main Route 4 (MR4) 
Main Route 5 (MR5) 
Main Route 6 (MR6) 
Main Route7 (MR7): 
Main Route 8 (MR8):
Local Distributor Route 1 
Local Distributor Route 2 
Local Distributor Route 3
Local Distributor Route 4 
Junction A (Jun A): 
Junction B (Jun B):
LD1)
Key:
Avenida 23 de Julho and Largo 5 de Outubro 
Estrada do Brejo and Pra9a Jo&o Raimundo 
Rua Conceifao Sameiro Antunes
Avenida Rainha D. Leonor, Pra9a Comandante Jose Braz, Avenida Cabo da
Boa Esperan9a, Largo Antero de Quental and Largo Filinto Elisio
Rua Luisa Sigeia and part of Rua Vera Cruz
Rua Dr. Antonio Jose de Almeida and part of Avenida da Liberdade
Rua Cooperativa Piedense
Rua Rosas do Pombal, Rua Eduardo Tavares and part of Avenida da Liberdade 
Rua Pedro Nunes, part of Avenida da Liberdade, Rotunda do Pombal and Rua 
Ramiro Ferrao
(LD1): Avenida da Funda9&o 
(LD2): Rua das Terras dos Cortes Reais
(LD3): Part of Rua Vera Cruz, Rua Tanger, part of Pra9a de Ceuta and Rua 
Rio do Infante
(LD4): Rua Comandante Oliveira e Carmo part Rua Dr Alberto Araujo 
Between Avenida Rainha D. Leonor and Rua Rosas do Pombal (MR 3 / MR 7) 
Between Rua Dr. Antonio Jose de Almeida and Avenida da Funda9So (MR 5 /
Figure 6.13 Cova da Piedade area: boundaries, routes and selected junctions
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The area includes two completely different kinds of urban layout. One is a 
neighbourhood of detached and semi-detached one-family houses, a primary school, a 
church with a centre for the elderly, a nursery and centre for after school activities for 
children, and a health centre. Here, the streets are three metres wide. Most of them are 
one-way with street lighting and the speed limit is 40 km/h. All the remaining roads in 
the area have residential high-rise developments with direct access onto the carriageway 
and are subject to a 50 km/h speed limit with street lighting. All routes are single 
carriageways. There are three schools within the area, a driving school, three sport and 
leisure clubs, three small parks with sport and leisure facilities (one of which has a 
children’s playground), one health centre, a daily market, a fire station, two petrol 
stations and a church. There are shops scattered over the whole area and three larger 
shopping areas along three routes.
There is street parking and extensive parking on pedestrian footways and double 
parking.
Description of City Centre area
This area, which is located in Freguesia de Almada but does not coincide entirely with 
it, includes many of the current administrative and commercial properties in the city of 
Almada. The city centre area covers approximately 0.4 square kilometre and its 
boundaries are shown in Appendix A.5.
The roads within this area, which was developed largely spontaneously outside the old 
small castle, are irregular and adapted to the topography, have residential high-rise 
developments with direct access onto the carriageway and are subject to a 50 km/h 
speed limit with street lighting. All but one route are single carriageways and most of 
them are one-way roads. The area includes the town hall, sport and leisure clubs, a daily 
market, a fire station, churches, centres for the elderly, a post office and a cinema. There 
are shops along the whole length of most routes.
Description of Feij6-Laranjeiro area
This area, which is located partly in Freguesia do Feijo and partly in Freguesia do 
Laranjeiro, is a less densely developed part of the city, combining old with modem 
developments. It covers approximately 0.3 square kilometre and its boundaries are 
shown in Appendix A. 5.
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Since the late 1960s when the road bridge between Lisbon and the south was opened to 
traffic (Figure 6.2), Almada and in particular the Feijo-Larangeiro area, has been under 
a pressure of rapid development. Initially without a long-term plan, various high-rise 
neighbourhoods were built-up resulting in a disordered urban environment. This trend is 
being slowly modified as new developments are created and opportunities for 
improvement arise. Therefore, this area is still under continuous substantial 
modification. Many roads within the area are irregular in layout with high-rise 
developments directly facing them; they are subject to 50 km/h speed limit with street 
lighting. The area includes many local shops along the length of the roads and a big 
sport-leisure club.
6.5 ADOPTION OF CITY-WIDE SAFETY STRATEGY AND SELECTION 
OF AREAS FOR DETAILED STUDY
In the particular case of Almada, the selection of the Cova da Piedade area for detailed 
analysis was based on two main factors. The first was the expressed wish, from officers 
o f the Traffic Division and Urban Planning Division o f Camara Municipal de Almada 
and PSP-DT, to tackle safety and traffic problems across this particular area. The 
second was the urban characteristics of Cova da Piedade. It presents different types of 
urban layout which would provide opportunities to analyse a range of situations in terms 
of accident occurrence.
A further point taken into consideration when choosing the area for detailed analysis (in 
1999) was the limited potential influence of recent urban developments and 
infrastructures in the area’s urban activity, land use and road characteristics. This was 
considered relevant because road accident data (for 1996 and 1997 - Section 6.6.1) were 
not up-dated and the required information on traffic flow was going to be collected 
afterwards (in 2000 - Section 6.6.1). Since Cova da Piedade was already a consolidated 
area, it was less prone to drastic changes in traffic usage, increasing the likelihood for 
traffic data to be representative o f the circumstances in the years for which road 
accident data were assembled. Nevertheless, the time difference between road accident 
and traffic flow data is taken into consideration when these data are used in conjunction 
with each other in Steps C.3 and C.4 (Sections 6.6.3 and 6.6.4). Recommendations for
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Portuguese Local Authorities on selection of areas for detailed study emerge from the 
case study and will be described in Section 7.4.5.
6.6 AREA-WIDE STUDY (PHASE C)
A rationale common to city-wide strategy and area-wide study is followed to identify 
problems and set objectives (Step C.4 -  Section 6.6.4), although the nature and extent of 
the data required (Step Cl -  Section 6.6.1) and the analysis needed (Step C3 -  Section
6.6.3) are different. Analysis at the area-wide level also requires the identification of 
traffic and safety problems at hazardous road locations, both sites and route sections 
(Sections 2.3, 3.4, 5.6 and 6.6.3).
6.6.1 Assembling data (C .l)
In-depth studies, in order to identify specific local problems in the Cova da Piedade area 
required additional road accident, traffic and urban environmental data and some 
information on pedestrian movements.
Road accident data
Data for injury and damage accidents in the Cova da Piedade area in 1996 were 
separated from the same data collected for development of the city-wide strategy. Data 
for injury and damage accidents reported to the police in the Cova da Piedade area in 
1997 were collected by means of the same scheme used for the city-wide strategy. 
These two years o f data were combined to create a single data set. Again, the national 
road accident database was used in order to complement the police records of injury 
accidents, though not always successfully (Section 6.4.1 and Table 7.2).
The location of pedestrian and non-pedestrian injury accidents and of damage accidents 
over the road network is shown on maps of the area in Appendix A.6. The 
determination of the exact location o f accidents was a time consuming task which 
involved analysis of each accident sketch copied from the police forms to the backs of 
the forms illustrated in Figure 6.6, police officers’ assistance and site visits.
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Whether accidents happened in the daylight or dark was inferred from the time of the 
accident. Intervals of darkness by month in Almada in 1997 were established by means 
o f the same scheme used at the city-wide level, except that the dates (30th March and 
26th October) of the transition to and from summer time were different in 1997.
Traffic data, pedestrian surveys and urban environmental data
Section 2.3 has argued that information on the kind and amount of the activities that 
generate road safety problems is key to a comprehensive urban safety diagnosis. To 
collect and analyse ideal traffic flow data, traffic movements at junctions and 
information on pedestrian behaviour would require resources (human, material and 
time) unavailable for this study. Instead an attempt was made to derive general traffic 
patterns which could support traffic and safety analysis (Section 6.6.3).
Traffic patterns for 2000 were recognised using a technique of manual short period 
counting of turning movements at a selection of junctions in the area (Appendix A.7) 
made either on-site or from video recordings, together with counts over a period of 13 
hours at one site. The technique assumes that traffic volumes change equally across the 
area with respect to time, except that tidal movements were averaged between the 
morning and the evening peaks. The author counted traffic on one particular section for 
a 13-hour period to provide an estimate of traffic volume variation with respect to time 
within the area. In the light of the limited human resources available for data collection, 
the 13-hour period (7:00 am to 8:00 pm) was adopted because it covered a large 
proportion o f both peak periods and the daytime off-peak period (Section 6.4.3.3- 
heading b)). In the same way, the author recorded manually traffic movements at 26 
selected junctions in two 20-minute periods during the morning and afternoon peaks. 
Video equipment and subsequent counting in the laboratory were used for traffic 
analysis at one roundabout. Indications of traffic flows on various roads were estimated 
and plotted on a map (Appendix A.8). This procedure is vulnerable due to the fact that 
such brief counts might not be representative of general traffic conditions at the chosen 
locations because they could have been influenced by specific conditions at that 
particular time. It is recognised that the method used was somewhat rudimentary, but it 
had the advantage of simplicity and using very limited resources to obtain an indication 
of traffic flow patterns.
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Surveys of pedestrians crossing the carriageway were used to identify their patterns in 
2000 on two different routes: the primary distributor (PD) and main route 2 (MR 2) 
(Figure 6.13). Part (approximately 300 metres) of the PD was divided into four sections: 
two at pedestrian crossings with traffic lights, one in advance of one o f the pedestrian 
crossings and the other between them. Then the author carried out short time (two 10- 
minute period) pedestrian counts in each section. The same surveys were used to 
estimate proportions of pedestrians crossing with the red light at the two pedestrian 
crossings. Part (approximately 150 metres) of MR 2 was also divided into four sections, 
of which two were pedestrian crossings without traffic lights. Short time (two 10-minute 
periods) pedestrian counts were then carried out in each section (heading g) -  Section
6.6.3.3). The short time period o f pedestrian counts was adopted in the light of the 
limited human and time availability for data collection. However, it reduces the 
reliability of the data as the number of pedestrians counted might not be representative 
of general circumstances.
The validity o f foregoing procedures will be discussed in Section 7.4.2. Approaches for 
assembling traffic flow data and pedestrian information to be recommended to Local 
Authorities in a typical road safety strategy are provided in Sections 5.6.1 and 7.4.2.
Surveys of urban road environment data, urban traffic conditions and parking patterns 
were carried out in 2000 by the author’s direct observation and video tape recording of 
all streets within the area. The Local Authority provided information on bus routes and 
population data per block.
The time difference between collection of traffic and accident data will need to be 
considered when these data are used in conjunction with each other in Steps B.3 and B.4 
(Sections 6.6.3 and 6.6.4, respectively).
6.6.2 Allocation of resources (C.2)
In addition to resources identified for the city-wide strategy (Step B.2 -  Section 6.4.2), 
traffic counting equipment and a video camera and playback equipment were required at 
this stage.
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Again, as recognised in Step A.2 (Section 6.2.2), the use of resources in the study of the 
Cova da Piedade area is not typical due to the research nature of the study. Advice on 
this issue will be provided in Section 7.4.3.
6.6.3 Data analysis (C.3)
The process of data analysis at area-wide level consists of three steps: definition of the 
functional hierarchy, identification of public transport routes and analysis of road safety 
problems.
6.6.3.1 Definition of the existing functional road hierarchy for motor vehicles
The functional road hierarchy identified at city-wide level, together with traffic surveys, 
led to a comprehensive identification of the functional road hierarchy within the area. 
The primary distributor and main roads border the Cova da Piedade area. The area is 
divided by a north-south main route (MR 3) and has four other main routes crossing 
roughly perpendicular to MR 3, of which three are one-way. The area also has local 
distributors providing access between the main roads and access roads. The primary 
distributor and some of the main roads and local distributors are shown in Figure 6.13. 
The comprehensive identification of the existing functional road hierarchy is set out in 
Appendix A.2.
6.6.3.2 Identification o f public transport routes
Bus routes are on the PD, some main roads and on a few local distributors. There is a
taxi rank on MR 2.
6.6.3.3 Analysis o f road safety problems
In order to identify the local problems, analyses o f accidents were carried out on an 
area-wide basis (headings a) to e) of this section). Heading f) outlines safety problems 
identified in Cova da Piedade. In the light o f these problems, analyses of routes and 
single sites within the area were also undertaken (heading g)). The information gathered 
from the problems identified at area-wide level and along specific route lengths and at 
single sites formed the basis for the identification o f the safety objectives for Cova da 
Piedade area (Section 6.6.4).
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With the resources available for this study, vehicle and pedestrian flow data were 
confined to short period counts (Section 6.6.1) which limited the use of accident rates 
(i.e. number of accidents in a specific time divided by amount of exposure in the same 
time -  Section 2.3) to discern differences in risk of different types of accident or kinds 
of road user. However, they were cautiously taken into consideration to analyse relative 
levels of risk in the route analysis (heading g) of this section). Some accident rates were 
calculated using the available denominators, in particular number of inhabitants in the 
area and the estimated length of roads.
Also, the contribution of inappropriate speed to safety problems would ideally be 
considered at the area-wide level, but this was not practicable in this case study 
(Sections 5.4.3, 5.6.3, 5.6.4, 5.8 and 6.8).
In view o f the safety objectives identified for Almada (Section 6.4.4), the analysis in 
Cova da Piedade laid further emphasis on safety issues related to vulnerable road users. 
Therefore, accidents were segregated into four categories: pedestrian, pedal cycle, 
motorcycle and other accidents. Their definition is set in the Table 6.28. Despite their 
small number in Almada, but for completeness, pedal cycle accidents have also been 
considered.
Table 6.28 Definition of pedestrian, pedal cycle, motorcycle and other accidents
Accident type Description
Pedestrian If there is at least one pedestrian involved.
Pedal cycle If there is a pedal cycle involved and it is not a pedestrian accident.
Motorcycle If there is a motorcycle involved and it is not a pedestrian or pedal cycle 
accident.
Other If there is car or other vehicle involved and it is not a pedestrian, pedal cycle 
or motorcycle accident.
Table 6.29 summarises how road accident data were grouped by type o f conflict and 
kind of road user. The resulting analysis aimed mainly to identify safety problems in 
Cova da Piedade by testing whether the observed frequencies differed significantly from 
those expected from the city-wide analysis (Section 6.4.3). As expected, many
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questions posed for the city-wide analysis were repeated for the area-wide study and a 
similar range of null hypotheses were tested. Hence, analogous null hypotheses will be 
introduced without repeating the rationale for them. The same analysis techniques as in 
the city-wide level, which included chi-squared analysis and pairwise comparison of 
proportions based on a cross tabulation methodology (Table 6.4), and limited spatial 
interpretation of accident plots on maps, were used to investigate road accident 
occurrence at this level. However, because of the smaller numbers of accidents in Cova 
da Piedade, the number of places where data were not sufficient to apply the chi- 
squared tests was greater. In addition, reliance on the statistical analysis must be 
tempered since only two years o f road accident data were available for this relatively 
small area of the city (Section 6.6.1). Not only does the resulting small amount of data 
have a high degree of variability (Section 2.3) but also there is a suspicion of 
underreporting affecting some kinds of accident more than others (Section 7.3.3). For 
this reason, the levels of significance of the values of the chi-squared obtained at the 
area-wide level are often lower than in the city-wide analysis, so that the interpretation 
of the results of the chi-squared tests following the terminology in Table 5.8 often leads 
to the conclusions being referred to as indications only.
Cova da Piedade area is a local centre of Almada, with residential, commercial and 
social functions, crossed by some of the city’s main traffic routes. Most of its roads, 
excluding one residential neighbourhood, perform many different functions and 
therefore are shared by cars and vulnerable road users, including pedestrians many of 
whom are public transport users. However, there are not many facilities for pedestrians, 
such as islands, and there is also high demand for street parking leading to double 
parking and parking on footways. The accident problems which have been exposed in 
the data analysis relate to the mixture of road functions, left-turning movements at 
junctions, and parking, especially on local roads and some main roads. Although the 
recorded number o f accidents on access roads was small, both of the two reported injury 
accidents on these roads were single-vehicle child pedestrian accidents. It is indicated 
by the tables below that Cova da Piedade presents some distinctive local problems when 
compared with the city of Almada as a whole, such as a higher proportion of young 
drivers and riders involved in accidents (in particular on the primary distributor) and a 
higher proportion o f pedestrians injured on the primary distributor.
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Table 6.29 Initial tables extracted from injury and damage road accident data for use 
in formulating the area-wide study
ANALYSES Comm ent
.iru Reported accidents by severity byW H A  1 year
Severity of reported accidents 
• by functional road hierarchy 
level
a) • exact location
WHERE Accidents were segregated into 
four categories: pedestrian, pedal 
cycle, motorcycle and other 
accidents. Their definitions are set 
in the Table 6.28
The source of information for locating accidents on the 
map was the sketch existing on the accident forms. 
Injury and damage accidents were located in the Cova 
da Piedade area road network. On the map, accidents 
were segregated into: fatal and serious (pedestrian and 
non-pedestrian) accidents, slight and unknown severity 
(pedestrian and non-pedestrian accidents) and damage 
accidents.
Severity of reported accidents:
•  by month 
b) WHEN • by weekday
• by period of the day
• in the daylight / darkness
The same periods as used for the city-wide strategy 
analysis. These periods are: 0:00 to 6:59, 7:00 to 10:59, 
11:00 to 15:59, 16:00 to 20:59, 21:00 to 23:59 hours. 
Accidents occurring in the light / dark were determined 
by means of the same process used for analysis at city- 
wide strategy level.
Number of drivers / riders in 
different age group by functional 
road hierarchy level: 15 and 
under, 16-17, 18 -24, 25 -  64, 65
C) who and over (years old)
Drivers and riders were segregated into: bicycle users, 
motorcycle users, car / taxi users, others and unknown. 
For completeness one o f the groups considered were the 
bicycle users although their number is quite small.
Severity of child, adult and older 
casualties by functional road 
hierarchy level and by age: 14 and 
under, 15 -  24, 25 -  64, 65 and 
over (years old)
Casualties should be split into: pedestrians, bicycle 
users, motorcycle users, car / taxi users, bus / tram users 
and others. For completeness one of the groups 
considered were the bicycle users although their number 
is quite small.
Severity of the accidents in which 
different numbers of vehicles 
were involved
Accidents were segregated into: single-vehicle 
(pedestrian and non-pedestrian), multi-vehicle including 
at least one parked vehicle and multi-vehicle without 
any parked vehicle
d) WHICH
Types of vehicles involved in 
accidents
Vehicles were segregated into:
• type o f vehicle involved in single-vehicle accident
•  types of vehicle pairs involved in two-vehicle 
accident
• types of vehicles involved in more than two-vehicle 
accident
Severity o f accidents involving a left-tum 
e) manoeuvre by functional road hierarchy 
level
a) What kind of accidents occurred and where did they happen?
89 injury accidents and 278 damage accidents were extracted from the files. These 
accidents are shown by severity and by year in Table 6.30.
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Table 6.30 Accidents by year and by road hierarchy level
Damage
1996
Injury Total Damage
1997
Injury Total Damage
TOTAL
Injury Total
Primary distributor (app. 0.6 lan) 21 12 33 11 15 26 32 27 59
Main roads 89 24 113 90 14 104 179 38 217
Junctions A* and B** (main roads) 30 18 48 1 1 2 31 19 50
Total of the main roads (app. 5.5 km) 119 42 161 91 15 106 210 57 267
Local distributors (app. 4 km) 20 2 22 11 1 12 31 3 34
Access roads (app. 6 km) 4 2 6 1 0 1 5 2 7
Total of Cova da Piedade area 164 58 222 114 31 145 278 89 367
TOTAL“Cova da Piedade” less 
functions A & B”
134 40 174 113 30 143 247 70 317
* Junction A: Avenida Rainha D. Leonor with Rua Rosas co Pombal (MR 3 / MR 7)
**Junction B: Rua Dr. Antonio Jose de Almeida with Avenida da Fundafao (MR 5 / LD1)
The number of accidents at two particular junctions A and B, identified in Figure 6.13, 
decreased dramatically in 1997. This was due to the installation of traffic lights at 
junction A in July 1996 and the reduction of traffic conflicts at junction B (by 
implementing a one-way route by the junction) in July 1997. Therefore, safety analysis 
in the whole area was done excluding accident data at these two junctions. The 
implications of this remarkable improvement on road safety records at junctions A and 
B, which belong to MR 3 and local distributor 1 (LD 1) respectively (heading g) of this 
section), are discussed in Section 7.3.3.
Even without junctions A and B, the number (174) of accidents reported in 1996 was 
higher than in 1997 (143 accidents). However, the type A analysis for data in Table 6.30 
shows (X\ = 0 .18  and P = 67%) that the difference between 1996 and 1997 in the
proportions (23% or 40 / 174 and 21% or 30 / 143, respectively) of accidents that 
involved injury could easily have arisen by chance.
The type B analysis is applied to data in Table 6.30, excluding access roads, to test the 
null hypothesis that there is no difference between 1996 and 1997 in the proportion of 
reported accidents on the various levels of road hierarchy. The result (%l -  1.98 and P 
= 37%) does not reject the null hypothesis, i.e., the difference between 1996 and 1997 in 
the proportions o f accidents reported on the primary distributor, main roads and local 
distributors could easily have arisen by chance.
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Since there were no significant differences between 1996 and 1997 either in the 
proportions o f accidents that involved injury or in the proportions of accidents reported 
on the primary distributor, main roads and local distributors, data for both years were 
combined for Cova da Piedade safety analysis purposes.
In 1996, the number of injury accidents per thousand o f population in Cova da Piedade, 
excluding junctions A and B, was 4.4 (40 / 9), which was higher than this rate (3.1 -  
Step B.3 in Section 6.4.3) for Almada as a whole in the same year. The corresponding 
rate in Cova da Piedade for 1997 was 3.3 (30 / 9) so that, although no rate was available 
for Almada as a whole for 1997 for this study, there is little indication that the rate in 
Cova da Piedade differs from that in Almada as a whole.
The number o f reported accidents on access roads was very small indeed. Findings 
suggest that either there is next to no problem on them or there is an underreporting 
problem. For analytical purposes it was decided not to add the number of reported 
injury and damage accidents on access roads to the number of reported injury and 
damage accidents on local distributors, because these two categories o f roads are clearly 
functionally different.
In both years around 80% (251 / 317) of the reported accidents occurred on main roads 
and local distributors. It is interesting to test the null hypotheses that the proportion of 
reported accidents that involve injury is the same on different levels of the roads 
hierarchy. The type A analysis for data in Table 6.30, excluding access roads, rejects 
(x\  ~ 25.45 and P is infinitesimal) the null hypothesis. In fact, type D analyses show 
( X\ ~ 20.56 and P is infinitesimal and x ]  ~ 13.47 and P = 0.02%, respectively) that 
the proportion o f accidents which involved injury on the primary distributor (46% or 
27 / 59) was much higher than on main roads (18% or 38 / 217) and local distributors 
(9% or 3 / 34).
The number o f injury accidents per kilometre o f road in Cova da Piedade and Almada 
are shown in Table 6.31a. Given that at city-wide level it was not viable to separate 
accidents that happened on main roads and local distributors due to lack of information 
in police records (heading a) o f Section 6.4.3.3), this table presents one single column
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for main roads and local distributors both for Almada and Cova da Piedade. Because the 
primary distributor in Cova da Piedade has frontage access, the data for Almada exclude 
primary distributors without frontage access.
Table 6.31a Number of injury accidents per kilometre o f primary distributors with 
frontage access, main roads /local distributors and access roads in 
Almada (1996) and in Cova da Piedade (1996 and 1997)
Primary Main roads and Access 
distributors Local distributors roads 
Cova da Piedade (average of 1996 and 1997) 22.5 2.2 0.2
Almada (1996) (Step B.3 in Section 6.4.3) 20.0 3.7 0.4
It is relevant to test for each level of the functional road hierarchy the null hypothesis 
that the accident rate per km-year was the same in both Cova da Piedade in 1996-1997 
and the rest of Almada (i.e. Almada excluding Cova da Piedade) in 1996.
The observed number o f injury accidents ( O j )  for each level of the hierarchy in Cova da 
Piedade (1996 and 1997) and in the rest o f Almada (1996) are found in Tables 6.5 and 
6.30 and are shown in Table 6.31b. If the null hypothesis (Ho) is true then the expected 
numbers of injury accidents in Cova da Piedade (1996-1997) and the rest of Almada 
(1996) are proportional to the corresponding numbers of km-years. Hence, for each type 
of road, the expected number o f injury accidents (Ei) for each level of the functional 
road hierarchy is the product of the proportion of km-years and the total of the two 
observed numbers.
Chi-squared tests applied to data (O, and Ei) in Table 6.31b for each level o f the 
functional road hierarchy show that there was a significant difference between Cova da 
Piedade and the rest of Almada in the annual accident rates per unit length of main 
roads/local distributors ( x \  ~ 11.71 and P = 0.06%); whereas this difference could 
have arisen by chance for primary distributors and access roads ( x \  ~ 0.29 and P = 
59% and x l  = 1-06 and P = 30%, respectively).
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Table 6.3 lb  Observed and expected numbers of injury accidents in Almada excluding
Cova da Piedade (1996) and in Cova da Piedade (1996 and 1997)
Almada excluding 
Cova da Piedade (1996)
Cova da Piedade 
(1996 and 1997) TOTAL
Primary distributors with frontage access 
Observed number of injury accidents (O i) 98 27 125
Number of km-year 4.9 1.2 6.1
Relative frequency if Ho is true 0.80 0.20 1
Expected number of injury accidents (Ej) 100 25 125
Main roads and Local distributors
Observed number of injury accidents (Oj) 121 41 162
Number of km-year 30.5 19.0 49.5
Relative frequency if Ho is true 0.62 0.38 1
Expected number of injury accidents (Ei) 100 62 162
Access roads
Observed number of injury accidents (O,) 19 2 21
Number of km-year 54.0 12.0 66.0
Relative frequency if Ho is true 0.82 0.18 1
Expected number of injury accidents (E,) 17 4 21
Table 6.32 shows the severity of injury accidents in Cova da Piedade by road hierarchy 
level.
Table 6.32 Injury accidents on the primary distributor, main roads, local distributors 
and access roads by severity
Fatal Serious Slight TOTAL
Prim ary distributor 1 5 21a 27
Main roads — — 38 b 38
Junctions A and B (main road) 1 2 16 19
Total of the main roads 1 2 54 57
Local distributors ~ 1 2 3
Access roads — 1 1 2
Total of Cova da Piedade area 2 9 78 89
TOTAL less **Junctions A & B” 1 7 62 70
a Includes 1 accident whose severity is unknown 
b Includes 4 accidents whose severity is unknown
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Just over half (54% or 38 / 70) of the injury accidents occurred on main roads. 
However, all reported injury accidents on main roads (excluding junctions A and B) 
were slight accidents. 39% (27 / 70) of the reported injury accidents in Cova da Piedade 
occurred along the 0.6 km of primary distributor. The severity ratio (equation 6.1) on 
the primary distributor (22% or 6 / 27) was higher than on main roads / local distributors 
(2% or 1 / 41) The small numbers existing in many categories prevented chi-squared 
tests being applied to data in Table 6.32.
The information gathered from analysis for the whole of Almada (Section 6.4.3) has 
identified vulnerable road users as accounting for a big proportion of casualties. 
Therefore, special attention has been placed in the analysis of accidents involving them 
in Cova da Piedade. Table 6.33a shows the distribution o f pedestrian, bicycle, 
motorcycle and other type o f injury and damage accidents (Table 6.28) by hierarchy 
level.
Table 6.33a Accidents (injury accidents) by type and by road hierarchy level
Primary Main
exc. J. A and B J. A and B
Local Access Total TOTAL 
(exc. J. A and B)
Pedestrian 16 (16‘) 12b(12) -- HD 2(2) 31 (31) 31 (31)
Bicycle 1(0) — — - — 1(0) 1(0)
Motorcycle 16(6) 37 (17) 8 (6) 3(1) 1(0) 65 (30) 57 (24)
Other type 26(5) 168 (9) 42(13) 30(1) 4(0) 270 (27) 228 (15)
TOTAL 59 (27) 217 (38) 50 (19) 34(3) 7(2) 367(89) 317 (70)
a One accident caused serious injury to tw o  pedestrians (primary distributor) 
b One accident caused slight injury to tw o  pedestrians (M R 2)
Not surprisingly, all recorded pedestrian accidents involved injury.
Table 6.33b shows the number o f accidents combining main roads and local 
distributors, because the small number o f accident on local distributors does not allow 
separate chi-squared analysis o f this level of the functional road hierarchy. An 
alternative could have been to exclude local distributors altogether for road safety 
analysis purposes. However, as main roads and local distributors have been combined 
for analysis at city-wide level (heading a) of Section 6.4.3.3) this option will henceforth 
be adopted at area-wide level whenever considered necessary.
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Table 6.33b Accidents by type and by road hierarchy level, with main roads and local 
distributors combined (excluding junctions A and B)
Primary distributor 
Damage Injury Total
Main roads and 
Local distributors 
Damage Injury Total
Access roads 
Damage Injury Total Damage
TOTAL
Injury Total
Pedestrian - 16 16 -- 13 13 - 2 2 - 31 31
Bicycle 1 - 1 - - - -- -- - 1 - 1
Motorcycle 10 6 16 22 18 40 1 -- 1 33 24 57
Other 21 5 26 188 10 198 4 - 4 213 15 228
TOTAL 32 27 59 210 41 251 5 2 7 247 70 317
The question arises whether data are consistent with the null hypothesis that there is no 
difference in proportion of injury accidents between motorcycle accidents and other 
accidents (according to definition in Table 6.28). The type A analysis for data in Table 
6.33b, excluding pedestrian and bicycle accidents, confirms (Xi = 48.72 and P is 
infinitesimal) the strength of evidence that the proportion (42% or 24 / 57) of reported 
motorcycles accidents that involved injury was higher than the proportion (7% or 15 / 
228) of reported other type of accidents which involved injury.
It is also interesting to test the null hypothesis that there is no difference between 
primary distributor and main roads/local distributors in the proportion of reported 
accidents that are pedestrian, motorcycle and of other types. The type B analysis for 
data in Table 6.33b, excluding bicycle accidents, shows ( x \  -  36.27 and P is 
infinitesimal) strong evidence to reject the null hypothesis. About half (52% or 1 6 /3 1 ) 
of the pedestrian accidents occurred on the primary distributor. Actually, over half (55% 
or 32 / 58) o f the accidents within the 0.6 km of the primary distributor involved 
vulnerable road users, with similar numbers (16 each) for pedestrians and motorcyclists. 
The proportions of pedestrian and motorcycle accidents on the primary distributor (28% 
each) were clearly higher than on main roads / local distributors (5% or 13 / 251 and 
16% or 40 / 251, respectively).
Previous analyses have shown that the proportion o f accidents which involved injury 
differed on primary distributor and main roads / local distributors and that all pedestrian 
accidents involved injury. It is now interesting to test the null hypothesis that the 
difference between the primary distributor and main roads / local distributors in the
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proportion of reported accidents involving injury was the same for motorcycle accidents 
and other accidents (Table 6.28). The type C analysis for data in Table 6.33b, excluding 
pedestrian and bicycle accidents and access roads, rejects the null hypothesis ( z l  ~
57.34 and P is infinitesimal). There is evidence (Zi = 7.40 and P = 1%) that the 
proportion of other types of accident on the primary distributor (19% or 5 / 26) which 
involved injury was higher than on main roads / local distributors (5% or 10 / 198) 
whereas for motorcycle accidents the difference between 6 / 1 6  (38%) on the primary 
distributor and 18 /4 0  (45%) on main roads / local distributors could easily have arisen 
by chance (Z\ ~ 0.26 and P = 61 %). This shows that the difference in the proportion of 
accidents which involved injury on the primary distributor and main roads / local 
distributors found in the Table 6.30 was largely confined to other accidents.
b) When did the accidents happen?
The difference between days o f the week in the proportion of reported accidents that 
involved injury could easily have arisen by chance ( z l  = 4.79 and P = 57%) (Table 
6.34).
Table 6.34 Accidents by day o f the week and by road hierarchy level (excluding 
junctions A and B)
Primary distributor Main roads Local distributors Access roads TOTAL
Days o f  week Damage Injury Total Damage Injury Total Damage Injury Total Damage Injury Total Damage Injury Total
Sunday 1 1 13 5 18 1 1 1 - 1 1 15 7 22
Monday 5 4 9 31 2 33 6 - 6 -- - — 42 6 48
Tuesday 7 7 14 22 3 25 8 -- 8 2 1 3 39 11 50
Wednesday 7 4 11 35 7 42 3 1 3 - - — 45 12 57
Thursday 5 5 10 28 7 35 5 - 5 - - — 38 12 50
Friday 6 3 9 31 9 40 6 1 6 3 - 3 46 13 59
Saturday 1 4 5 19 5 24 2 - 2 - - — 22 9 31
TOTAL 32 27 59 179 38 217 31 3 31 5 2 7 247 70 317
Table 6.35a shows the distribution of accidents in Cova da Piedade by period o f the day 
and by road hierarchy level. There were no accidents between 22:00 and 23:59 in Cova 
da Piedade. In view of the fact that 8% (95 / 1255) of reported accidents in Almada 
occurred between 22:00 and 23:59, it is extremely unlikely that the corresponding
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proportion for Cova da Piedade is so much lower and that the observed value o f zero 
occurred by chance. Either the true proportion is so much lower or there is 
underreporting. This problem of underreporting in Cova da Piedade might also have 
occurred after midnight, because there is some indication ( x l  = 2 88 and P = 10%) that 
the proportion (6% or 18 / 317) of accidents reported in Cova da Piedade that occurred 
between 0:00 and 6:59 was lower than the corresponding proportion (8% or 106 / 1255) 
for the whole o f Almada.
Table 6.35a Accidents (injury accidents) by period o f the day and by road hierarchy 
level
Primary M ain
Exc. J. A and B June. A and B
L ocal A ccess Total TOTAL 
(exc. J. A  and B)
0:00 to 6:59 5 (3 ) n o ) 3(0) 2(0) - 2 1 (4 ) 1 8 (4 )
7:00 to 10:59 9 (5 ) 49(8) 8(1) 9(1) 1 (0) 76 (15) 68 (14)
11:00 to 15:59 1 7 (7 ) 56(5) 13(5) 13(1) — 99 (18) 86 (13)
16:00 to 20:59 24 (12) 85(21) 15(8) 8(1) 6 (2) 138 (44) 123 (36)
21:00 to 23:59 4 ( 0 ) 16(3) 10(5) 2(0) — 3 2 (8 ) 2 2 (3 )
TOTAL 5 9 (2 7 ) 217 (38) 49 (19) 34(3) 7 ( 2 ) 366 (89) 317 (70)
The intervals 11:00 to 15:59 hour and 16:00 to 20:59 hour were the off peak period and 
the peak period respectively with highest numbers of reported accidents per hour (7 and 
25, respectively).
The type A analysis was applied for data in Table 6.35b, combining the first and last 
periods of the day, to test the null hypotheses that there is no difference in the 
proportion of reported accidents that involved injury between the periods 7:00 to 10:59, 
11:00 to 15:59, 16:00 to 20:59 and 21:00 to 6:59. The result shows ( x \  -  6.69 and P =
8%) good indication to reject the null hypothesis, or in other words, there is a good 
indication o f a difference between periods of the day in the proportion of reported 
accident which involved injury. In fact, data suggest ( x f  = 6.03 and P = 1%) that the 
proportion o f accidents that involved injury between 16:00 and 20:59 (29% or 36 / 123) 
was higher than for the remaining periods (18% or 34 / 194).
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The type B analysis was applied for data in Table 6.35b, combining the first and last 
periods of the day and excluding access roads, to test the null hypotheses that there is no 
difference between the primary distributor, main roads and local distributors in the 
proportions of the reported accidents in the various periods of the day. The result ( ~ 
5.63 and P = 47%) clearly does not reject the null hypothesis.
Table 6.35b Accidents by period of the day and by road hierarchy level (excluding 
junctions A and B)
Hours
Primary Distributor 
Damage Injury Total
Main Roads 
Damage Injury Total
Local Distributors 
Damage Injury Total
Access roads 
Damage Injury Total
TOTAL 
Damage Injury To
0:00 to 6:59 2 3 5 10 1 11 2 - 2 -- - — 14 4 1
7:00 to 10:59 4 5 9 41 8 49 8 1 9 1 - 1 54 14 6
11:00 to 15:59 10 7 17 51 5 56 12 1 13 - — — 73 13 8
16:00 to 20:59 12 12 24 64 21 85 7 1 8 4 2 6 87 36 12
21:00 to 23:59 4 0 4 13 3 16 2 - 2 -- - — 19 3 2
TOTAL 32 27 59 179 38 217 31 3 34 5 2 7 247 70 31
Previous analysis has shown that the proportion of accidents which involved injury was 
higher for the primary distributor than for main roads / local distributors. The type C 
analysis was applied for data in Table 6.35b, combining the first with the last periods of 
the day and the main roads with the local distributors, and excluding access roads, to 
test the null hypothesis that the difference between the primary distributor and main 
roads / local distributors in the proportion of reported accidents that involved injury is 
the same in all the periods of the day. The result (xl  ~ 9.90 and P = 36%) does not 
reject the null hypothesis.
c) Who were involved in the accidents?
Casualties
The 89 injury accidents caused injury to 100 people, of whom 15 were fatally or 
seriously injured (of these 26 and 6 respectively were injured at junctions A and B). 
Table 6.36 shows road casualties by road user group and level of road hierarchy.
Pedestrian flows and pedestrian crossing movements were not generally available for 
Cova da Piedade for this study. However, pedestrian crossing movements were
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collected for the primary distributor and MR 2 (Section 6.6.1) and used in the safety 
analysis of these routes (heading g) of this section).
Table 6.36 Casualties (fatal and serious) by road hierarchy level
Primary Main
exc. J. A and B J. A and B
Local Access Total TOTAL 
(exc. J. A and B'
Pedestrians 17(7) 13*(0) — 1(0) 2(1) 33(8) 33(8)
Motorcycle users 6*(0) 19** (0) 9(3) 1(0) — 35(3) 26 (0)
Car and taxi users 3(0) 7* (0) 16(3) — — 26(3) 10(0)
Bus users “ — 1(0) — — 1(0) —
Others 2(0) 2(0) — 1(1) — 5(1) 5(1)
TOTAL 28(7) 41(0) 26 (6) 3(1) 2(1) 100 (15) 74(9)
* Includes 1 casualty whose severity is unknown
** Includes 2 casualties whose severity is unknown
Excluding junctions A and B, vulnerable road users account for 80% (59 / 74) of all the 
casualties, of which just over half (56% or 33 / 59) were pedestrians and the remainder 
(44% or 26 / 59) were motorcyclists. Out of 9 casualties fatally or seriously injured, 8 
were pedestrians.
The number o f reported injury accidents on access roads was very small (Table 6.30) 
thus, not surprisingly, the number of reported casualties on these roads is also small, but 
one of the pedestrians was seriously injured. The small numbers existing in many cells 
of Table 6.36 prevented types A, B and C analyses from being applied to it.
The type D analysis for data in Table 6.36 shows evidence ~ 5.83 and P = 2%) 
that the proportion o f casualties on the primary distributor (61% or 17 / 28) who were 
pedestrians was higher than on main roads / local distributors (32% or 14 / 44).
Table 6.37 shows the distribution by age group of casualties, whose age is known. The 
small numbers presented in many cells of a table prevent firm conclusions from being 
drawn.
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Table 6.37 Casualties by age group (excluding junctions A and B)
Years old 0 to 14 15 to 24 25 to 64 65 and over TOTAL
Pedestrians 2 10 13 7 32
Motorcycle users 0 17 8 1 26
Car and taxi users 1 3 6 0 10
Van and lorry users 0 4 0 0 4
TOTAL 3 34 27 8 72
However, the type D analysis applied to data in Table 6.37 suggests ( = 5.39 and P = 
2%) that the proportion (65% or 17 / 26) o f motorcycle casualties who were 15 to 24 
years old was higher than the corresponding proportion (37% or 17 / 46) for the 
remaining casualties. Most (71% or 12 / 17) o f the motorcycle casualties who were 15 
to 24 years old were injured on main roads.
Type D analysis applied to the same table also indicates (X\ = 6.73 and P = 1%) that 
the proportion (7 / 8) of elderly casualties who were pedestrians was higher than the 
corresponding proportion (39% or 25 / 64) for other age groups. Although based on 
small numbers, this is consistent with the finding for Almada as a whole (Table 6.11) 
that the elderly are injured on the roads mainly as pedestrians.
Both child pedestrian casualties were injured on access roads.
Drivers and riders
Having analysed casualties, analyses of who were the drivers and riders involved in 
accidents were carried out (Table 6.38).
Type A analysis was applied to data in Table 6.38, excluding cyclists, to test the null 
hypotheses that the proportion of accident-involved drivers involved in injury accidents 
is the same for motorcyclists, car / taxi drivers and van / lorry / bus drivers. The result 
shows (xl  = 32.43 and P is infinitesimal) that the null hypothesis should be rejected, 
and that the proportion (48% or 28 / 58) of motorcyclists reported as involved in 
accidents who had injury accidents was significantly higher than the corresponding 
proportion (17% or 78 / 472) for the remaining drivers and riders.
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Table 6.38 Drivers and riders involved in accidents by vehicle type and by age group 
(excluding junctions A and B)
16 to 24 
Damage Injury Total
25 to 64 
Damage Injury Total
65 and older 
Damage Injury Total
TOTAL 
Damage Injury Tota
Cyclists 1 - 1 - - — - — 1 - 1
Motorcyclists 17 20 37 12 7 19 1 1 2 30 28 58
Car and taxi drivers 50 13 63 234 41 275 11 4 15 295 58 353
Van, lorry, bus drivers 15 6 21 83 13 96 1 1 98 20 118
TOTAL 83 39 122 329 61 390 12 6 18 424 106 530
The next step was to test the null hypotheses that the proportion o f reported accident- 
involved drivers and riders involved in injury accidents was the same for those aged 16 
to 24 and 25 to 64 years. The result of type A analysis applied to data in Table 6.38, 
excluding cyclists and drivers 65 years old and over due to the small frequencies 
existing in these classes, gives clear evidence ( = 15.76 and P is infinitesimal) o f a
significant difference between the proportions (32% or 39 / 122 and 16% or 61 / 390, 
respectively for drivers aged 16 to 24 and 25 to 64 years) of accident-involvements that 
were in injury accidents.
The question arises whether the data are consistent with the null hypothesis that there is 
no difference in the age groups with respect to kind of rider and driver involved in 
reported road accidents. The result o f the type B analysis applied to data in Table 6.38, 
excluding cyclists and drivers aged 65 years and over, gives strong evidence (Z i = 
62.56 and P is infinitesimal) to reject the null hypothesis. In fact, excluding cyclists and 
drivers aged 65 years and over, most (66% or 37 / 56) motorcyclists involved in 
accidents were 16 to 24 years old; and from type D analysis ( z l  ~ 62.54 and P is 
infinitesimal) this proportion was significantly higher than for other types of driver 
(18% or 84/455).
The type C analysis applied to data in Table 6.38, excluding cyclists and drivers aged 65 
years and over, tested the null hypotheses that interaction between drivers’ age group 
and accident type (injury or damage) is the same for every kind o f driver. The result 
leads ( z l  ~ 91.56 and P is infinitesimal) to the rejection of the null hypothesis. Indeed, 
the differences between those aged 16 to 24 and 25 to 64 years in the proportions in
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injury accidents were greater for motorcyclists (54% or 20 / 37 and 37% or 7 / 19, 
respectively) and van / lorry / bus drivers (29% or 6 / 21 and 14% or 13 / 96, 
respectively) than for car / taxi drivers (21% or 13 / 63 and 15% or 41 / 275).
Table 6.39a shows the distribution of drivers and riders involved in injury and damage 
accidents by road hierarchy level.
Table 6.39a Drivers and riders involved in accidents (injury accidents) by road 
hierarchy level
Primary Main
exc. J. A and B J. A and B
Local Access Total TOTAL 
(exc. J. A and B)
Cyclists 1(0) ~ — — — 1(0) 1(0)
Motorcyclists 20 (10) 36(18) 8(6) 3(1) 1(0) 68 (35) 60 (29)
Car and taxi drivers 53 (17) 265 (36) 81 (28) 42(3) 4(2) 445 (86) 364 (58)
Van, lorry, bus drivers 26(10) 86(9) 11(4) 12(1) 2(0) 137 (24) 126 (20)
TOTAL 100 (37) 387 (63) 100 (38) 57(5) 7(2) 651 (145) 551 (107)
Corroborating earlier analysis for interaction between functional road hierarchy level 
and number of accidents (Table 6.30), the result = 26.44 and P is infinitesimal) of 
type A analysis applied to data in Table 6.39a, excluding cyclists, access roads and 
junctions A and B, rejects the null hypothesis that the proportion of accident-involved 
drivers and riders involved in injury accidents is the same for the primary distributor, 
main roads and local distributors. The type D analysis provides strong evidence ( x \  = 
24.64 and P is infinitesimal) that the proportion of drivers and riders involved in injury 
accidents on the primary distributor (37% or 37 / 100) was higher than on main 
roads / local distributors (15% or 68 / 444).
Table 6.39b shows the distribution of drivers and riders involved in injury and damage 
accidents on the primary distributor and main roads / local distributors excluding 
junctions A and B in order to support required further analysis. Access roads have been 
excluded due to the small frequency o f accident-involved drivers reported on these 
roads.
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Table 6.39b Drivers and riders involved in accidents by road hierarchy level, excluding 
access roads and junctions A and B
Primary distributor 
Damage Injury Total
Main roads and 
Local distributors 
Damage Injury Total Damage
TOTAL
Injury Total
Cyclists 1 - 1 - -- - 1 — 1
Motorcyclists 10 10 20 20 19 39 30 29 59
Can and taxi drivers 36 17 53 268 39 307 304 56 360
Van, lorry, bus drivers 16 10 26 88 10 98 104 20 124
TOTAL 63 37 100 376 68 444 439 105 544
Type A analyses of Table 6.38 and Table 6.39a have analysed interactions o f level of 
functional road hierarchy and type of rider / driver respectively with the accident type 
(injury and damage). It is now relevant to test the null hypotheses that the proportions of 
accident-involved drivers and riders of different types are the same on the primary 
distributor and main roads / local distributors. The type B analysis applied to data in 
Table 6.39b, excluding cyclists, rejects ( x l = 13.31 and P = 0.1%) the null hypothesis.
Type D analysis shows (Xi = 10.62 and P =0.11%) that the proportion (34% or 20 / 59) 
o f motorcycle riders involved in accidents who had accidents on the primary distributor 
was higher that the corresponding proportion (16% or 80 / 485) for drivers of other 
vehicles. There is also some indication ( X\ = 2.63 and P = 10%) that the proportion 
(21% or 26 / 124) of van / lorry and bus drivers involved in accidents who had accidents 
on primary distributor was higher than the corresponding proportion (15% or 53 / 360) 
for car and taxi drivers.
The type C analysis applied to data in Table 6.39b, excluding cyclists, tested the null 
hypotheses that the interaction between the level of the functional hierarchy and type 
(injury and damage) of accident was the same for every kind of accident-involved 
driver. The result ( x \ -  47.09 and P is infinitesimal) rejects the null hypothesis. For
example, the proportion of car, taxi, van, lorry and bus drivers involved in accidents on 
the primary distributor (34% or 27 / 79) who had injury accidents was higher than on 
main roads and local distributors (12% or 49 / 405), whereas for motorcyclists the two 
proportions (50% or 10 / 20 and 49% or 19 / 39, respectively) were similar.
267
Case study: application of the proposed urban road safety diagnostic technique
d) Which kinds of vehicles were involved in the accidents?
Single and multi-vehicle accidents
Accidents were divided into three categories (Table 6.29): single-vehicle accidents; 
multi-vehicle accidents with at least one parked vehicle; and, multi-vehicle accident 
with all vehicles moving. Table 6.40a shows their numbers by road hierarchy level.
Table 6.40a Single-vehicle accidents (injury accidents), multi-vehicle accidents 
(injury accidents) with at least one parked vehicle, and multi-vehicle 
accidents (injury accidents) with all vehicles moving by road hierarchy 
level
Primary
Main
Main
June. A and B
Local Access Total TOTAL 
(exc. J. A and B)
Single-vehicle 17(16) 20(14) - 2(1) 2(2) 41 (33) 41 (33)
Multi 1 parked -- 35(1) 2(1) 9(1) 3(0) 49(3) 47(2)
Vehicle All moving 42(11) 162 (23) 48 (18) 23(1) 2(0) 277 (53) 229 (35)
TOTAL 59 (27) 217 (38) 50 (19) 34(3) 7(2) 367 (89) 317 (70)
As has been noticed for Almada as a whole in developing the city-wide strategy, figures 
in Table 6.40a also lead to the suspicion that single-vehicle damage accidents were 
underreported relative both to single-vehicle injury accidents and to multi-vehicle 
damage accidents. In fact, the total number (33) of single-vehicle injury accidents was 
higher than the number (8) of single-vehicle damage accidents whereas for multi­
vehicle accidents the damage accidents greatly outnumber the injury accidents.
There were no reported single-vehicle damage accidents on access roads. Both of the 
two reported injury accidents on these roads were single-vehicle child pedestrian 
accidents.
In order to assist further analysis on single-vehicle accidents and multi-vehicle accidents 
with at least one parked vehicle or with all vehicles moving on the primary distributor 
and main roads / local distributors, the relevant information is shown in Table 6.40b. 
Access roads have been excluded due to small frequency of accident reported on these 
roads.
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Table 6.40b Single-vehicle accidents and multi-vehicle accidents (with at least one 
parked vehicle and all vehicles moving) on the primary distributor and 
main roads / local distributors
Primary distributor 
Damage Injury Total
Main roads and 
Local distributors 
Damage Injury Total Damage
TOTAL
Injury Total
Single-vehicle 1 16 17 7 15 22 8 31 39
Multi I pariced;^ K "it.* „ ' - * “X ’ — 42 2 " . 42U J A - 2V 44
Vefi&lep ^daoVing
■> . - - - 4  ' M * 42 m  ^•• ;r- y \  . •: ■ • • ........ . W ’ 227
Totalof multi-vehicle
■ ' k v \  •*' . ; 3 ^ ' * 42: 'r 203' * 26 229 , • * ’%*&„ * *■ *•
TOTAL (single and multi) 32 27 59 210 41 251 242 68 310
The x2 analysis of type B is applied to the data for injury accidents in Table 6.40b to test 
the null hypotheses that the proportion of reported injury accidents that are single­
vehicle accidents is the same on the primary distributor and main roads / local 
distributors. The result shows (Zi  =3.37 and P = 7 %) a good indication to reject the 
null hypothesis, in other words, the higher proportion (59% or 16 / 27) of injury 
accidents which were single-vehicle accidents on the primary distributor than on main 
roads / local distributors (37% or 15 / 41) may well indicate a real difference.
The type A analysis was applied to the shaded area of Table 6.40b, which excludes 
single-vehicle accidents, to test the null hypotheses that there is no difference between 
the primary distributor and main roads / local distributors in the proportion o f reported 
multi-vehicle accidents which involved injury. The result shows = 6.62 and P = 1 
%) strong evidence to reject the null hypothesis. In fact, the proportion of multi-vehicle 
accidents on the primary distributor (26% or 11 / 42) which involved injury was higher 
than on main roads (11 % or 26 / 229).
Analysis of the types o f vehicles involved in single-vehicle accidents, two-vehicle 
accidents and more than two-vehicle accidents was carried out. Table 6.41 sets out the 
number of accidents o f each type by hierarchy level.
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Table 6.41 Single-vehicle accidents (injury accidents), two-vehicle accidents (injury 
accidents) and more than two-vehicle accidents (injury accidents) by road 
hierarchy level
Primary Main
Main June. A and 
B
Local Access Total TOTAL
(exc. J. A and 
B)
Single-vehicle 17(16) 20(14) 2(1) 2(2) 41 (33) 41 (33)
Two-vehicle 41 (10) 180(22) 47(18) 28(1) 5(0) 301 (51) 254 (33)
More than two-vehicle 1(1) 17(2) 3(1) 4(1) 0 (0 ) ' 25(5) 22 (4)
TOTAL 59 (27) 217 (38) 50 (19) 34(3) 7(2) 367 (89) 317 (70)
Types of vehicles involved in single-vehicle accidents
Table 6.42 shows the type of vehicle involved in single-vehicle injury and damage
accidents by road hierarchy level. There were no single-vehicle accidents at junctions A
and B (Table 6.40).
Table 6.42 Vehicles involved in single-vehicle accidents (injury accidents) by type
and by road hierarchy level
Primary distributor Main roads Local distributors Access roads TOTAL
Motorcycle 4(4) 3(2*) - — 7(6)
Car/taxi 6(6) 13(9) 2(1) 2(2) 23 (18)
Van 3(3) 4(3*) - - 7(6)
Lorry 1(0) — — — 1(0)
Bus 2(2) - - — 2(2)
Other 1(1) 1(1)
TOTAL 17 (16) 20 (14) 2(1) 2(2) 41 (33)
* Includes one single-vehicle non-pedestrian accident 
a) This other vehicle was a road-roller
There were 33 reported single-vehicle injury accidents 31 of which involved 
pedestrians. More than half (58% or 18 / 31) o f the struck pedestrians were hit by cars. 
The majority (10 / 13) of the remainder were injured by motorcycles or by vans in equal 
numbers.
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Types of vehicles involved in two-vehicle accidents
Table 6.43 shows the types of vehicle pairs involved in the 33 injury and 221 damage 
two-vehicle accidents, excluding junctions A and B.
Table 6.43 Pairs of vehicles involved in two-vehicle accidents (injury accidents) 
(excluding junctions A and B)
Other/
UnknownMotorcycle Car /taxi Van / lorryBicycle
Bicycle
Motorcycle
41 (18) 110(7)Car/taxi
Van / lorry
Other/
Unknown
Table 6.44 shows the number of two-vehicle accidents involving at least one vehicle of 
each type, and the number of each type of vehicle involved in two-vehicle road 
accidents.
A large proportion of the two-vehicle injury (85% or 28 / 33) and damage (88% or 194 / 
221) road accidents involved at least one car / taxi. However, the proportion involving 
injury varied with the type of the second vehicle. Specifically, from Table 6.43 -
30.46 and P is infinitesimal), the proportion of car / taxi - motorcycle accidents (44% or 
18 / 41) which involve injury was greater than the corresponding proportion for 
car / taxi - car / taxi accidents (6% or 7 /110).
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Table 6.44 Vehicles involved in two-vehicle accidents by type of vehicle, and for 
each type, the number of two-vehicle accidents involving at least one 
vehicle of that type
Vehicles involved in 
two-vehicle accident 
Damage Injury Total
Two-vehicle accidents involving 
a vehicle of given type 
Damage Injury Total
Bicycle 1 -- 1 1 - 1
Motorcycle 28 22 50 28 22 50
Car/taxi 297 35 332 194 28 222
Van / lorry 91 8 99 76 7 83
Bus 18 - 18 18 - 18
Other / unknown 7 1 8 7 1 8
TOTAL 442 66 508
The % analysis was applied for data in Table 6.44, excluding bicycles, to test the null 
hypotheses that the proportion of vehicles reported as involved in two-vehicle accidents 
that were involved in injury accidents is the same for motorcycles, cars /  taxis and vans / 
lorries / buses / others. The result shows clearly ( x \  = 47.92 and P is infinitesimal) that 
the proportion of accident-involved vehicles involved in injury accidents varied with the 
type of vehicle. This proportion was higher for motorcycles (44% or 22 / 50) than for 
cars / taxis or for vans / lorries / buses / others (11 % or 35 / 332 and 7% or 9 / 125, 
respectively).
Types of vehicles involved in more than two-vehicle accidents
Table 6.45 shows the types of vehicles involved in more than two-vehicle injury and 
damage accidents by hierarchy level. The combinations of vehicles involved in the 
accidents were not analysed in view of the small number of accidents relative to the 
number of possible combinations of vehicles.
There were no reported accidents involving more than two-vehicles on access roads. 
The one reported accident involving more than two-vehicles on the primary distributor 
involved injury.
Out of 73 vehicles caught up in accidents involving more than two-vehicles, 55 had 
accidents on main roads.
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Table 6.45 Vehicles involved in more than two-vehicle accidents (injury accidents) 
by road hierarchy level
Primary
Main
Main
June. A and B
Local Total TOTAL 
(exc. J. A and B)
Motorcycle - 5 ( 1 ) — — 5(1) 5(1)
Car / Taxi 2(2) 40(2) 9(4) 1 3 ( 3 ) 64 (11) 55(7)
Van - 10(2) - 2(1) 12(3) 12(3)
Bus 1(1) — 1(0) - 2(1) 1(1)
TOTAL 3(3) 55(5) 10(4) 15(4) 83 (16) 73 (12)
e) Which accidents involved a left-turn manoeuvre?
Lane discipline is an important factor in road safety because lane-changing increases the 
number o f conflicts between roads users. Drivers change lanes for three reasons: a 
necessary manoeuvre downstream (e.g. a turn), a lane obstruction (e.g. double-parking) 
or a desire to run at higher speed than that allowed by traffic in the present lane. This 
study adopts analysis of accidents involving left-turn manoeuvres since it was possible 
to extract these data at the area-wide level.
The sketches o f each accident copied from the police forms to the backs o f the forms 
illustrated in Figure 6.6, were the basis for the identification of the accidents involving a 
left-turning manoeuvre. Table 6.46 shows the distribution of injury and damage 
accidents involving a left-turn manoeuvre by level in the functional road hierarchy.
All reported injury accidents involving a left-turn manoeuvre whose severity is known 
were slight accidents.
Chi-squared analysis shows (x\  ~  0.64 and P = 73%) that the difference between the 
primary distributor, main roads and local distributors (25% or 15 / 59, 29% or 63 / 217 
and 24% or 8 / 34, respectively) in the proportion of reported accidents that involved a 
left-turn manoeuvre could easily have arisen by chance. It follows that the great 
majority (72% or 63 / 87) of the accidents involving left-tum manoeuvre occurred on 
main roads, i.e. a vehicle was turning left either onto or off a main road but not at a 
junction with the primary distributor. However, there is clear evidence (Xi  = 4.31 and
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P = 4%) that the proportion of accidents involving left-turn manoeuvres which involved 
injury was higher on the primary distributor (47% or 7 /15 ) than on main roads (21% or 
13 / 63). These proportions were similar to those for all accidents on the primary 
distributor (46% or 27 / 59) and main roads (18% or 38 / 217) in Cova da Piedade 
(Table 6.30).
Table 6.46 Accidents involving a left-turn manoeuvre by road hierarchy level
Primary Main
Exc. J. A and B June. A and B
Local Access Total TOTAL 
(exc. J. A and B
Damage 8 50 1 7 1 67 66
Injury T 13b 0 1 0 21 21
TOTAL (A) 15 63 1 8 1 88 87
All accidents in Cova da Piedadec (B) 59 217 50 34 7 367 317
Percentage (100 x A / B) 25 29 2 24 14 24 27
* Includes 1 accident whose severity is unknown 
b Includes 2 accidents whose severity is unknown
'FromTable 6.30
f) Summary of accident analysis in Cova da Piedade
Table 6.47 sets out some of the features relating to the 310 recorded accidents on the 
primary distributor and main roads / local distributors within Cova da Piedade in 1996 
and 1997 (excluding accidents that occurred at junctions A and B). A single column 
was created for main roads and local distributors for two main reasons. First, there were 
few reported injury accidents on local distributors. Secondly, it is easer to compare it 
with the city-wide level figures (Table 6.17).
Many differences in percentages between the Cova da Piedade area and the city o f 
Almada as a whole were found. However, they are not all discussed because, although 
they may look numerically quite different, many of these differences are not statistically 
significant. Attention has been drawn to each interesting difference that is statistically 
significant. The table is followed by an outline of the main accidents problems 
identified in the Cova da Piedade area, which form the foundations for the detailed route 
analysis (heading g) of this section).
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Table 6.47 Interesting features emerging from analysis of accident records for different levels of the road hierarchy in Cova da Piedade (excluding 
junctions A and B)
Feature
Primary distributor
Damage Injury
Main roads and 
Local distributors
Damage Injury
Comparison with the equivalent values for the city of 
Almada as a whole
Number of accidents (vehicles involved) 32 (63) 27 (39) 210(438) 41 (70)
Severity ratio of injury accidents * — 22% 2% —
Percentage of
riders / drivers who were aged 16 to 24 (incl.)
29% of which 36% of which 
41% were 57% were 
motorcyclists motorcyclists
18% of which 36% of which Proportion of those involved in damage accidents on the 
14% were 50% were primary distributor who were aged 16 to 24 years higher than 
motorcyclists motorcyclists city average.
vehicles involved which were cars / taxis 57% 46% 71% 57% —
vehicles involved which were vans 14% 11% 19% 15% —
vehicles involved which were motorcycles 16% 27% 5% 28% Proportion for damage accidents on the primary distributor is higher than city average
accidents which were single-vehicle 3% 59% 3% 37% Some indication that proportion for injury accidents on the primary distributor is higher than city average
multi-vehicle accidents which involved at least 
one parked vehicle 0% 0% 21% 8%
Some indication that proportion for damage accidents on the 
primary distributor is lower than city average
accidents that involved a left turn manoeuvre 25% 26% 27% 34% —
Number of casualties 28 44
Percentage of
casualties who were pedestrians 61% 32% Proportion on the primary distributor higher than the city average.
casualties who were motorcyclists 25% of which 57% were aged 24 years and under
45% of which 65% were 
aged 24 years and under
—
casualties who were aged 14 and under — 2% (1 car occupant child) —
casualties who were aged 65 and over 11% of which all (3) were pedestrians
12% of which 80% or (4 / 5) 
were pedestrians
—
* Severity ratio = 100 x (fatal accidents + serious accidents) / injury accidents
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In summary, the problems identified from the accident analysis for the Cova da Piedade 
area were:
1. A high proportion (68% or 217 / 317) o f accidents occurring on main roads and a 
high proportion (39% or 27 / 70) of injury accidents occurring on the primary 
distributor (Table 6.30);
2. A relatively high severity ratio (22%) on the primary distributor (Table 6.32);
3. A high proportion of pedestrian and motorcycle accidents (Table 6.28), in particular 
on the primary distributor (27% or 16 / 59, each) (Table 6.33a and Table 6.33b);
4. A high proportion (eight out of the nine) of fatal and serious casualties were 
pedestrians (Table 6.36); a relatively high proportion (35% or 26 / 74) of casualties 
were motorcyclists but none were fatally or seriously injured (Table 6.36); a high 
proportion (seven out of eight) of the elderly casualties were pedestrians (Table 
6.37);
5. A high proportion of drivers involved in accidents, especially injury accidents, were 
aged 24 years and under, in particular motorcyclists (Table 6.38);
6. A high proportion of all accidents involving parked vehicles on main roads and on 
local distributors were damage-only (Table 6.40a); and
7. More than a quarter of accidents involved left-turn manoeuvres (Table 6.46).
g) Route analyses of safety problems
The approach taken in the methodology that is being developed will usually result in the 
identification of a number of high-risk sites for treatment, although not all safety 
problems will necessarily require safety schemes to be implemented at the exact 
location of the problem identified (Section 5.8.1). Safety problems at a particular 
junction or on a particular route or problems giving rise to scattered accidents might be 
overcome by altering the traffic patterns over part or even the whole area. As part of the 
strategy of altering how traffic is using the area, some routes may be required to carry 
extra traffic, and those on which traffic is reduced may need treatment to reduce 
accident risk for remaining traffic. That is why it is appropriate to identify routes for 
route treatment.
Most (75% or 238 / 317) of the accidents in Cova da Piedade occurred on some of the 
routes carrying most traffic, namely the primary distributor (PD) and main routes 2, 3 
and 8 (MR 2, MR 3 and MR 8) (Figure 6.13 and Table 6.48). The more specific safety 
problems encountered along the PD and MR 2, MR 3 and MR 8 were therefore 
addressed in detail separately. The number of injury accidents per kilometre o f route has 
assisted the identification of other route problems, on main route 1 (MR 1) and local 
distributors 1 and 2 (LD 1 and LD 2) (Table 6.48 and Section 6.4.3.3).
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Since the number of opportunities for road accidents is closely related to traffic volume, 
there should be also an attempt to relate traffic flow and accident data. Road accident, 
traffic flow and environmental data are not now the most up-to-date and that they have 
not been collected for the same years (Section 6.6.1). However, the data used were the 
most recent available at the beginning of this case study. Also, the urban changes in the 
intervening period (Section 6.1) are likely to have changed the traffic patterns and, 
therefore, may have influenced accident patterns over recent years. Section 2.3 has 
mentioned difficulties in deducing relationships between accidents and traffic flows, in 
particular on urban routes. These difficulties are related to many other factors which are 
likely to influence accident frequencies, such as number of intersections, number of 
lanes, physical features (such as carriageway width) and functions of the routes. In 
short, the time lag between traffic flow and road accident data and the restricted 
knowledge about the relationship between accidents and traffic volumes on Portuguese 
urban routes limit the usefulness of traffic information.
Table 6.48 Accidents and injury accidents per kilometre by route
Damage
Number of accidents
Injury
Pedestrian Other All injury
Total Route length 
(km)
Accident rate
(Injury accident / km)
Primary distributor 32 16* 11 27 59 0.6 45.0
Main route 1 3 1 ~ 1 4 0.3 33
Main route 2 18 4 2 6 24 0.5 12.0
Main route 3 (exc. Junction A) 76 6* 16 22 98 1.2 183
Main route 8 51 — 7 7 58 1.4 5.0
Other main routes (exc. June. B) 31 1 1 2 33 2.1* 1.0*
All main routes 179 12 26 38 217 5.5* 6.9*
Local distributor route 1 11 — 1 1 12 0.5 2.0
Local distributor route 2 6 — 1 1 7 0.5 2.0
Other local distributor routes 14 1 — 1 15 3.0* 03
All local distributor routes 31 1 2 3 34 4.0* 0.8*
Access roads 5 2 — 2 7 6.0* 0.3*
ALL roads 247 32 38 70 317 16.1* 4.3*
Junction A 20 — 14 14 34 ___
Junction B 11 — 5 5 16 — —
Total Junctions A and B 31 - 19 19 50 — —
TOTAL Cova da Piedade 278 31 58 89 367 16.1* -
* One of the accidents had two pedestrian casualties
* Approximate value
Whereas the number of injury accidents per kilometre of route was used to identify 
potential route problems (Table 6.48), the traffic (flow and movements) information
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will be used as an indication of relative levels of risk on the PD, MR 2, MR 3, MR 8, 
LD 1 and LD 2. Although the number of injury accidents per thousand vehicles on each 
route will not be estimated due to the limited reliability of this information and the 
different route layouts, including road width, and various functions performed by routes 
in Cova da Piedade, traffic information supports the identification of traffic and safety 
problems, such as difficulties in emerging from side roads, lack of discipline and 
potential problems for pedestrians when crossing roads. Further advice to Local 
Authorities on traffic data collection is provided in Sections 5.6.1, 7.4.2 and 7.4.4.
Appendix A.6 shows the locations of the pedestrian and non-pedestrian accidents by 
route and by severity (fatal / serious, slight and damage). The straightforward process of 
analysing the exact location of accidents on maps, which currently in Portuguese urban 
areas is only practicable at the area-wide level (Section 6.6.1), reveals that there are 
places with especially high concentrations of road accidents. Many studies from 
different parts of the world have found that, in these locations, there is a frequent 
recurrence of the same underlying features of accidents which can lead to the 
identification of effective, low-cost engineering and behaviour influencing improvement 
measures (Sections 2.2.2 and 2.3). It is, therefore, pertinent to focus on identifying and 
analysing high-risk sites at the route level (Section 3.4).
For route analysis purposes, accidents were segregated into pedestrian, pedal cycle, 
motorcycle and other accidents according to definition presented in Table 6.28.
Primary distributor
(27 injury accidents out o f 70 and 32 damage accidents out of 247)
Road environment
Figure 6.14 illustrates the road environment of the PD This is a 0.6 km length of road, 
with residential blocks along one side for almost the whole length and along the other 
side for part of its length. There are also shops, two petrol stations, a church, a small 
public garden with a children’s playground and a kiosk, and a sport and leisure club 
along the length. There are 8 junctions (4 Y and 5 T junctions) 3 of which are controlled 
by traffic lights (identified on the map by numbers PD.l, PD.2 and PD.3). There are 3 
pedestrian crossings and 3 bus lay-bys, 1 near each signal-controlled junction. The road 
is 7 metres wide, single lane in each direction plus an additional lane at signal controlled
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junctions PD.2 and PD.3. The year 2000 traffic flow was about 15 400 per 13-hour day 
on approximately half of its length (PD.l to PD.2) and 22 100 on the remaining length 
(PD.2 to PD.3). According to this information, the route section PD.2 to PD.3 is the 
busiest in the Cova da Piedade area. The PD presents a high traffic flow level for its 
width, number of junctions and mixed used since although, being a through route, given 
its environment, it also needs to cater for a considerable number of vulnerable road 
users. This route has the highest number of injury accidents per kilometre (45.0 - Table
6.48) in Cova da Piedade.
Residential blocks * 
II ^Jf— Shops
Garden
Petrol Stn.
t Residential 
blocks
Petrol Stn.
Figure 6.14 Primary distributor (PD): the road environment 
Accident and traffic analysis
The PD caters not only for the long distance through traffic to and from the ferry 
terminal that links Almada to Lisbon and other neighbouring cities but also for the local 
traffic associated with an extremely busy shopping and leisure area. As might be 
expected, since it is the PD through Cova da Piedade area and has frontage access, this 
road had the greatest number (16) of pedestrian accidents and the same number (16) of 
motorcycle accidents. 18 accidents (of which 10 were pedestrian accidents) occurred by 
junction PD.l and another 18 accidents (of which 3 were pedestrian accidents) occurred 
near PD.3. The remaining accidents were spread evenly along the road. Table 6.49 
shows the types of accident which occurred and detailed analysis of these accidents has 
already been carried out.
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Table 6.49 Types of accident on the primary distributor (PD)
Type of accident Damage Injury TOTAL
Pedestrian — 16 16
Pedal cycle 1 — 1
Motorcycle 10 6 16
Other 21 5 26
TOTAL 32 27 59
If the traffic counts made for 2000 on the PD could be regarded as describing the 
situation in 1996 / 1997, the safety problems along this route, which have shown up in 
the accident record, relate to: 1) volume of traffic; 2) the mixture of functions required 
by the area; and 3) turning movements at junction PD3, where around 4 400 vehicles 
(31% of the morning traffic and 38% of the evening traffic) turn left at PD.3 to main 
route (MR 7) and traffic queues on MR 7 often block the junction. The volume of traffic 
on the PD makes exit from side roads difficult, especially at the junctions without traffic 
signals. There is extensive double and footway parking along the PD. Motorcyclists 
have a particular problem on this road.
Pedestrians, including children on their own or accompanied by adults, cross from and 
to bus stops often against the red light and away from the pedestrian crossing. A survey 
of pedestrians crossing the carriageway was used to identify the patterns o f crossing on 
the PD. Part (approximately 300 metres) of the PD was divided into 4 sections: two at 
pedestrian crossings with traffic lights, one in advance o f one of the pedestrian crossings 
and the other between them (Figure 6.15).
mi Border of 
? the area,
Figure 6.15 Pedestrian survey on the primary distributor (PD)
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Short time (two 10-minute period) pedestrian counts were then undertaken. The same 
survey was used to estimate proportions of pedestrians crossing against the red light at 
the two pedestrian crossings. Table 6.50 summarizes results from the survey.
Table 6.50 Number of pedestrians crossing the primary distributor (PD)
Pedestrians Red light Comments
Section before pedestrian crossing 
PD.l 18
Manual control. Green light for
Pedestrian crossing PD.l 95
pedestrians: 10-12 seconds. 
55 Length of time for light to turn 
green after pedestrian request: 
90-120 seconds.
Section between pedestrian crossings 
PD.l and PD.2 78
Automatic with a constant
Pedestrian crossing PD.2 53 2 2  phase. Information about of the phase was not available for this 
study.
TOTAL 244
39% (96 / 244) o f the pedestrians crossed outside the pedestrian crossing and around 
half (77 / 148) o f those who crossed on the pedestrian crossing did so against the red 
light. The presence of bus stops serving several routes and offering frequent service, 
lead pedestrians to cross if  the bus is approaching.
One possible explanation is the way the lights for pedestrians change at the pedestrian 
crossing by PD.l. The green light is requested manually by pressing a button, which is 
not a common method in Almada, therefore pedestrians are not familiar with it. When 
the pedestrian presses the button there is no sign that the system has received the 
message. Moreover, it can take between 90 and 120 seconds before the light changes to 
green, long enough to lead pedestrians to be suspicious that nothing will happen and 
therefore give up waiting for the green light. The pedestrians’ light is green 10 to 12 
seconds (Table 6.50).
Treatment of the 36 accidents clustered at PD.l and PD.3 can be considered using a 
single-site action approach (Section 2.3) whereas the treatment of the remaining 23 
accidents, which are mainly associated with exit from side roads at various junctions, 
and accidents involving motorcycles, can be considered within the context of the area-
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wide action. With the aim of directing traffic onto the right roads in Cova da Piedade 
area more traffic might needed to be shifted to this route (Section 6.8).
Main route 2
(6 injury accidents out of 70 and 18 damage accidents out of 247)
Road environment
Supermarket
Figure 6.16 Main route 2 (MR 2): the road environment
Figure 6.16 illustrates the road environment of MR 2. This is a 0.5 km length of main 
road, with houses along both sides for almost the whole length. There is a supermarket 
with a car park on one side of the road (between junctions MR2.1 and MR2.2) and few 
other shops near junction MR3.7. There are 3 T junctions, 1 of which (MR3.7) is 
currently controlled by traffic signals. These traffic lights were installed in December 
1997. There are also three pedestrian crossings: one near MR2.1, another about half way 
along and the third one by junction MR3.7. There is a bus stop and a taxi rank by 
MR2.1.The road goes downhill from MR2.1 to near MR2.2 and it is then level. The 
road width is 6 metres. The year 2000 traffic flow was about 8 700 per 13-hour day on 
approximately half of its length (MR2.1 to CP) and 10 100 on the remaining length. The 
frequent loading and unloading of supermarket heavy vehicles and their parking 
manoeuvres close to MR2.2, together with the traffic queues at M2.1 junction to leave 
the Cova da Piedade area, disrupt traffic flow on this route. This might contribute to 
reducing its attractiveness as a through route, and might explain the lower traffic flow 
levels compared with main routes with the same road width, such as MR 3 and MR 8. 
This route has a relatively high number o f injury accidents per kilometre (12.0 - Table
6.48).
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Accident and traffic analysis
The cluster of accidents at the junction MR 2 / MR 3 were analysed in the MR 3 context 
because, according to the counts of turning movements at this junction, this was the 
predominant route. The allocation of accidents that occur at a junction between roads of 
the same level of the road hierarchy to one of them makes sure that an accident at the 
junction is not considered twice.
Table 6.51 shows the type of accidents which occurred on MR 2, excluding accidents at 
junction M3.7.
Table 6.51 Types o f accident on main route 2 (MR 2)
Type of accident Damage Injury TOTAL
Pedestrian — 4 4
Pedal cycle — — —
Motorcycle 2 1 3
Other 16 1 17
TOTAL 18 6 24
All (4) pedestrian accidents happened by the bus stop near the pedestrian crossing. 
There were 3 other clusters of accidents: at junction MR2.1 (5 damage and 2 injury 
accidents), at the entrance to the car park (4 damage accidents) and at junction MR2.2 
(5 damage accidents). Two injury and 8 damage accidents involved a left-turning 
manoeuvre.
Assuming that the traffic pattern (flow and movements at junctions) that was generating 
road accidents in 1996 / 1997 was the same as the one which was collected in 2000, the 
safety problems along MR 2 relate to the volume, turning movements at junctions and 
the crossing by pedestrians. The volume o f traffic on MR 2, in particular at peak hours, 
makes exit from the side roads extremely difficult. This may lead the emerging drivers 
to select smaller gaps and form extra queues in the middle of the road with an increased 
risk of an accident not only with other vehicles but also with pedestrians. This can 
generate a lack of lane discipline, in particular near junction MR2.1 where the road is 
wide enough to accommodate additional lanes. Another consequence o f the traffic 
volume is that drivers use the car park o f the supermarket as a bypass route. Around
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14% (1 400 / 10 100) of vehicles turn left to the car park (at CP) and another 32% 
(3 200 / 10 100) vehicles emerging from the car park at MR2.2 turn onto this route. Big 
lorries deliver to the supermarket by MR2.2. Their size and parking manoeuvres makes 
exit from MR2.2 difficult.
A survey of pedestrians crossing the carriageway was used to identify the patterns of 
crossing on MR 2. Part (approximately 150 metres) o f the MR 2 was divided into 4 
sections, 2 of which were pedestrian crossings (Figure 6.17).
j 4 * PedestrianPedestrian. crossing 2crossing 1 b
BUSSTOP,
Border of 
the area
Figure 6.17 Pedestrian survey on main route 2 (MR 2)
Short time (two 10-minute period) pedestrian counts were then undertaken. Table 6.52 
summarises results from the survey.
Table 6.52 Number of pedestrians crossing main route 2 (MR 2)
Pedestrians
Section between MR2.1 and pedestrian crossing 1 5
Pedestrian crossing 1 50
Section between pedestrian crossings PI and P2 9
Pedestrian crossing 2 18
TOTAL 82
17 % (14 / 82) of pedestrians crossed outside the pedestrian crossing. The bus stop and 
the supermarket are the main incentives for pedestrians to cross the road.
Single-site action (Section 2.3) may be suitable to treat the cluster of accidents by 
pedestrian crossing 1 on MR 2 (Figure 6.17) and left-turning manoeuvres at junctions
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MR2.1, at the entrance of the car park and at MR2.2, which include 20 out of 24 
accidents on this main route. The remaining scattered accidents can be considered 
within the area-wide approach.
Main route 3
(22 injury accidents out of 70 and 76 damage accidents out of 247, excluding accidents 
at junction A)
Road environment
Driving
school
Shops
O ' Shops
Figure 6.18 Main route 3 (MR 3): the road environment
Figure 6.18 illustrates the road environment o f MR 3. This is a 1.2 km length of main 
road, with residential blocks along both sides for almost the whole length. There are 11 
junctions, 8 of which (MR3.1 to MR3.7 and June. A) are identified in Figure 6.13 to 
help the location of particular route features or safety and traffic problems. Traffic lights 
were installed at junction A in July 1996 and at junction MR3.7 in December 1997. The 
road is downhill from MR3.1 to MR3.2. There are also a few shops scattered along the 
road and two clusters of shops at and near junctions MR3.3, MR3.4 and MR3.5 There is 
a driving school at MR3.3. There are also pedestrian crossings by the junctions MR3.1, 
JuncA, MR3.3, MR3.5, MR3.6 and MR3.7. The road width is 6 metres with one lane in 
each direction. The year 2000 traffic flow varied from approximately 10 100 to 17 500 
per 13-hour day on different stretches of the route. Compared with MR 2, MR 3 has the
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same road width and functions but presents higher traffic flow levels and the number of 
injury accidents was disproportionately higher, which indicates that MR 3 presented a 
higher safety risk. MR 3 had the highest accident rate per kilometre o f road (18.3 - 
Table 6.48) of the main routes studied.
Accident and traffic analysis
The number of reported accidents at junction A decreased from 14 injury and 20 
damage accidents in 1996 to none in 1997. This was due to the installation of traffic 
lights at junction A in July 1996. Whilst this junction has been excluded from the 
analysis, at this route level as it was at the area-wide level (heading a) of this section), it 
illustrates that treating road hazardous road locations can be an effective way of 
reducing the frequency and severity of road accidents (Sections 2.3, 3.4 and 7.3.3).
Table 6.53 shows the types of accident that occurred on MR 3.
Table 6.53 Types of accident on main route 3 (MR 3), excluding junction A
Type of accident Damage Injury TOTAL
Pedestrian — 6 6
Pedal cycle — — —
Motorcycle 7 11 18
Other 69 5 74
TOTAL 76 22 98
This road had 6 pedestrian accidents 5 of which occurred near pedestrian crossings. The 
slope (from MR3.2 to MR3.1) does not allow drivers to see the pedestrian crossing just 
after junction MR3.1, where 2 out of 6 pedestrian accidents occurred. Motorcyclists 
have particular problems on this road. In fact, not only a relatively high proportion (18% 
or 18 / 98) of accidents on this route were motorcycle accidents, but also the proportion 
of accidents that involved injury was higher for motorcycle accidents (61% or 11 / 18) 
than for other accidents (14% or 11 / 80).
Not surprisingly, assuming that the traffic flow in 2000 was about the same as from 
when road accident data were collected (1996 /1997), and since MR 3 is the main route 
for through traffic crossing the Cova da Piedade area, it has the greatest number of
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accidents of the main routes studied. Also, given its number of injury accidents, there is 
a suspicion that MR 3 does not embody safe designs for the volume of traffic it carries. 
Indeed, apart from traffic volume, the safety problems along MR 3 relate to left-turning 
movements at junctions and to parking. The volume of traffic on MR 3 makes exit from 
the side roads difficult. This may lead the emerging drivers to select smaller gaps with 
an increased risk of an accident, which manifests itself in particular at four junctions: 
MR3.1, MR3.5, MR3.6 and MR3.7. In fact, the non-pedestrian accidents along this 
route occurred mainly at junctions. Around one third (36% or 8 / 22 injury and 31% or 
23 / 75 damage) of the total accidents on this route involved turning left at junctions. 
Most (8 / 11) junctions allow left-turn manoeuvres. There is extensive footway and 
double parking along this road. Vehicles belonging to the driving school use spare road 
space at MR3.3 to park. Although there was no reported injury accident involving a 
parked vehicle, 17% (13 / 75) of the reported damage accidents involved at least one 
parked vehicle.
Main route 8
(7 injury accidents out of 70 and 51 damage accidents out of 247)
Road environment
Figure 6.19 illustrates the road environment of MR 8. This is a 1.4 km length of road, 
with high-rise residential buildings along both sides for almost the whole length. There 
are car parks between the road and the buildings which are not adjacent to the road. 
Besides there is perpendicular parking along parts of the length of the road (identified in 
Figure 6.19 by the letter “P”). There are also a few shops along the road, a secondary 
school, a leisure club with facilities for the elderly, and two small parks with sports 
facilities. MR8.2 is a roundabout; there are 9 T-junctions and 1 crossroads. The road is 
uphill from MR8.1 until the bend before MR8.3 and is downhill all the way to the end. 
The road width is 6 metres between junction MR3.1 and MR8.2, and 5 metres on the 
remainder of the road. The year 2000 traffic flow was approximately 18 000 per 13- 
hour day between MR8.1 and MR8.2, and around 10 000 on the remainder of the route. 
MR 8 and MR 3, which have the same road width and function, carried approximately 
the same traffic but MR 8 had about one third the number of injury accidents (7 injury 
accidents on MR 8 and 22 on MR 3). MR 8 had also a lower rate of injury accident per 
kilometre of road (5.0 - Table 6.48) than MR 2 and MR 3 (12.0 and 18.3, respectively).
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Secondary School
Park
Shops
Figure 6.19 Main route 8 (MR 8): the road environment 
Accident and traffic analysis
There are two types of accident clusters: at junctions (MR8.1 with 2 damage and 3 
injury accidents, MR8.2, MR8.3 with 9 damage accidents each and MR8.4 with 3 
damage and 1 injury accidents) and on a bend with 4 damage accidents, which can be 
considered for treatment using the single-site action approach within the strategy for the 
whole area (Section 2.3). The remaining accidents were spread evenly along the road. 
Table 6.54 shows types of accident which happened on MR 8.
The safety problems along MR 8 relate to:
•  turning movements at junctions and at one narrow bend where accidents 
cluster. Queues of traffic from and to other parts of the city sometimes 
block junctions MR8.1 and MR8.3. Three injury accidents and eleven 
damage accidents involved a left-turn manoeuvre; and
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• parking, in particular between MR8.2 and the junction MR 8 / MR 4. One 
injury accident and seven damage accidents involved at least one parked 
vehicle.
Table 6.54 Types of accident on main route 8 (MR 8)
Type of accident Damage Injury TOTAL
Pedestrian — — —
Pedal cycle — — —
Motorcycle 8 4 12
Other 43 3 46
TOTAL 51 7 58
The motorcyclists have particular problems on this road since a relatively high 
proportion (21% or 12 / 58) of accidents on this route were motorcycle accidents and 
more than half (4 / 7) of the injury accidents were motorcycle accidents.
O ther routes
Amongst the remaining 79 accidents, which were scattered over the rest of the area, 
there seem to be two specific route problems on MR 1 and LD 1 and LD 2. Analyses 
done on these routes aim to identify and systematise the safety and traffic problems but 
the safety schemes to be proposed might not be located exactly the specified routes.
MR 1 is a 0.3 km length of one-way road, with houses along both sides for almost the 
whole length. There are a few shops near the junction to the PD. There are 5 junctions 4 
of which are T junctions and 1 is a Y junction. There is also a pedestrian crossing. The 
road is 4 metres wide. The small number (1 injury and 3 damage) of reported accidents 
indicates that the road safety problem on this road is small. However, this route has a 
traffic problem which is related to its use as a through route for traffic from PD (at 
junction PD.2) to go out of the city. MR 1 is used as a diversion from the PD which is 
often blocked at peak hours. The volume of traffic on MR 1 makes exit from the side 
roads difficult.
LD 1 is a 0.5 km length of road, with residential buildings along both sides for almost 
the whole length. There are also shops along most of the length of the road, a daily
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market and a fire station. There are 9 junctions, including junction B. Analysis of this 
junction has been excluded from area-wide and route study alike (heading a) of this 
section). The consequences of the success of the introduction of low-cost road safety 
engineering measures at high-risk sites are discussed in Section 7.3.3. The road width is 
5 metres. There is occasional double parking and deliveries which often block the road 
near the market, in particular in the morning. The year 2000 traffic flow varied from 
approximately 1 800 to 6 500 per 13-hour day on different stretches of road. The traffic 
problems along LD 1, which have shown up in the accident record, relate to turning 
movements at junctions and parked vehicles; 5 out of 13 accidents involved left turning 
manoeuvres and 3 out of 13 accidents involved at least one parked vehicle.
LD 2 is a 0.5 km length of road, with detached and semi-detached one-family houses 
along both sides for almost the whole length. This is a two-way road and the speed limit 
is 40 km/h. There are 4 junctions. The road width is 3 metres. The year 2000 flow 
traffic was 2 500 vehicles per 13-hour day. Traffic problems on LD 2 relate to its
narrow width and the sharp bend. There is a cluster (4 out of 6) of damage accidents on
a particular bend. This route is occasionally used as a by-pass to MR 8.
h) Summary of specific safety problems encountered along routes
These detailed analyses have shown that the safety problems on traffic routes are:
• A high proportion of pedestrian accidents on the PD, some of them hit by 
buses;
• A high proportion of accidents involving motorcycles on PD 1, MR 3 and 
MR 8;
• A high proportion of pedestrian accidents on MR 2 and MR 3;
• Left turning along entire length on MR 3;
• A high proportion of accidents involving parked vehicles on MR 3 and 
MR 8; and
• Left turning along the entire length on LD 1.
Hazardous road locations identified on these routes are:
1. Clusters of left turn accidents at PD.3, MR2.1, MR8.1 and MR8.2;
2. Clusters of pedestrian accidents at PD.l; and near pedestrian crossing 1
on MR 2;
3. Cluster at one bend on LD 2; and
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4. Other clusters which involved damage accidents only at: the entrance to 
the car park on MR 2, junctions MR2.2, MR8.2 and MR8.3, and one 
bend on MR 8.
6.6.4 Identification of safety objectives (C.4)
To complement the overall safety objective of reducing total casualties, the specific 
safety objectives, which have been derived from the dominant problems identified in the 
area-wide assessment (headings f) and h) in Section 6.6.3), are as follows:
1. Improve safety on the PD, in particular for pedestrians and motorcyclists (City-wide 
objectives 1. and 2.);
2. Reduce the overall number of accidents on main routes, in particular on MR 2, 
MR 3 and MR 8;
3. Reduce the number of pedestrians injured, especially on the PD and on MR 2 and 
MR 3, in particular at PD.l and by the pedestrian crossing on M R 2 (City-wide 
objective 1.);
4. Improve safety for elderly pedestrians (City-wide objective 5.);
5. Reduce the number of motorcyclists injured, in particular on the PD and MR 3 and 
MR 8 (City-wide objectives 2. and 4.);
6. Reduce the number of accidents involving drivers aged 24 years and under, in 
particular motorcyclists (City-wide objective 6.);
7. Reduce the number of accidents involving parked vehicles on main routes and local 
distributors, in particular on MR 3 and MR 8 (City-wide objective 3.);
8. Reduce the number of accidents involving turning vehicles, in particular at four 
further problem junctions PD.3, MR2.1, MR8.1 and MR8.2 (in addition to junctions 
A and B which have already been treated); and
9. Reduce number of accidents on two bends on MR 8 and LD 2.
6.7 ACCEPTANCE OF PROBLEMS IDENTIFIED AND OBJECTIVES SET
Findings are being shared with different organisations in the city, namely within the 
Local Authority (elected members, traffic division and urban planning) and police, by 
circulating published papers describing the case study developed in Almada (Costa, 
2002a, 2002b) and through meetings. Understandably, their tendency is to focus
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attention on the safety objectives that could be tackled within the traffic circulation and 
parking programme under development in Almada (Transitec Portugal, 2002a, 2002b).
6.8 INVESTIGATION OF MEASURES (PHASE D)
Within the urban road safety strategy for Almada, only a single area-wide study has 
been carried out, in the Cova da Piedade area (Section 6.6). Also, the general urban 
policies in Almada, in particular regarding transport, have not been studied in detail in 
the context of the road safety strategy because either they are beyond the aims of this 
case study (Section 6.2.1), or they have not yet been stated by the Local Authority. 
These facts are recognised as limitations in the consideration of both the assessment of 
the performance of the roads in the current functional road hierarchy (Section 6.4.3.1) 
and the identification of potential road safety engineering schemes, because traffic and 
safety improvements implemented in one area:
• are likely to impact on the remainder of the network; and
• should be complementary to other wider urban policy aims (Section 4.5).
There is, therefore, a clear distinction in the purpose o f earlier stages of the diagnosis of 
the road safety problems in Almada -  City-wide strategy (Phase B, Section 6.4) and 
Area-wide study (Phase C, Section 6.6) - and of this last stage -  Investigation o f  
relevant measures (Phase D) which is reflected in the way it is articulated. Phases B and 
C aimed at identifying the location and nature of safety problems at city-wide and area- 
wide levels respectively (as accurately as the road accident data and limited traffic data 
made possible and practicable). Phase D aims to look ahead to the next stage of the 
urban road safety strategy -  Choice o f  suitable schemes, which is beyond the diagnosis 
part of the proposed technique (Sections 4.1 and 5.1) and, hence outside the scope of the 
case study -  by illustrating how the Local Authority can think about identifying 
potential solutions on the basis o f the road safety problems identified in Cova da 
Piedade. As the aim of this phase is not to be definitive in finding solutions to the road 
safety problems, it is deliberately expressed using questions which could only be 
answered by local institutions, namely by the Local Authority, as it is for its members to 
prioritise proposals that as well as meeting the urban road safety objectives set (Section
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6.6.4) must also fit in with the Local Authority’s general urban policies and transport 
principles.
6.8.1 Identification of relevant schemes (D.l)
The number of alterations to the functional road hierarchy that can be proposed is quite 
limited when only the first area-wide study within the urban road safety strategy has 
been carried out because:
1. locations that can be sources of safety problems outside Cova da Piedade area have 
not yet been considered; and
2. changes in the hierarchy level of individual roads, in particular the PD and main 
routes, and others that extend beyond the area have implications for the city in areas 
which have not been examined in detail.
An example of the first point might be the primary distributor without frontage access 
just outside the Cova da Piedade area near MR2.1. MR 2 is probably being used by 
commuter traffic wanting to get access to the primary distributor which carries traffic 
into and out of the city. It is difficult to turn left into this often congestioned PD, which 
might be contributing to lack of discipline on the MR 2. An example o f the second is 
MR 1. MR 1 has been identified as having a traffic problem relating to its use as a 
through route for traffic from the PD to go out of the city. MR 1 is regularly used as a 
diversion from the PD which is often blocked at peak hours (heading g) o f Section 
6.6.3.3). It is, therefore, relevant to consider altering MR 1 to restrict through traffic in 
order to change it from a main route to a local distributor.
Would the PD be a suitable alternative for the excess through traffic on MR 1? Would it 
make a big difference for MR 1, which is a one-way road four metres wide, to have half 
of its traffic transferred to another road? How much difference would it make to the PD, 
which is a two-way road seven metres wide, to have half the MR 1 traffic added to it? 
The answer to these questions would require analysis outside the boundaries of the 
Cova da Piedade area, which is beyond the scope of this case study. This would include 
the study of: a) traffic flows and destinations; and b) junctions on the MR 1 and the PD.
If the PD were found to be a suitable alternative for the excess through traffic on MR 1 
then measures would have to be considered to increase the capacity of one junction on
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the PD, which is located just outside the Cova da Piedade area, and which is already 
congested. If the PD were not found suitable, because for instance a large proportion of 
traffic cannot be diverted without significantly altering junctions and traffic flows 
outside the Cova da Piedade area, then, either ways should be found to provide extra 
capacity consistent with the other functions of MR 1, or road safety engineering 
measures, such as pedestrian crossing facilities, should be implemented to reduce 
adverse effects of excess traffic on this route.
From the road accident data available, there is little evidence that the through traffic 
within residential areas in the Cova da Piedade area is causing traffic and safety 
problems. Therefore, the question of changing the functional road hierarchy for road 
safety reasons within residential areas does not arise in the Cova da Piedade area. 
However, if  the investigation of the apparent road accident underreporting problem 
(heading a) of Section 6.6.3.3) led to a better recording of accidents and, therefore, to 
the identification of further safety problems on access roads and local distributors, 
consideration should be given to altering the current functional road hierarchy within 
the residential areas.
In summary, a critical appraisal of the ability of the existing functional road hierarchy to 
meet the demands made upon it would be based upon: 1) analysis of the whole city, or 
at least a large sector of the city; 2) examination of other urban policies, in particular of 
transport policies such as public transport routes; 3) traffic flow information, together 
with local knowledge provided by Local Authority officers; 4) in-situ surveys; and 
5) the results of the safety analysis. The proposed changes of function should be listed 
and the desired functional road hierarchy should be plotted on the city map. Where a 
route or section, which was found unsatisfactory from a traffic, safety or environmental 
perspective, had to be retained at the same level in the functional road hierarchy, road 
safety engineering measures should be implemented to improve its safety conditions.
When, at initial stages of development of the strategy, an examination of the changes of 
the functional hierarchy is still premature, immediate action can be taken in dealing with 
the sites where accidents were found to cluster, in particular PD.l; PD.3; MR2.1; 
pedestrian crossing 1 on MR 2; and bends on MR 8 and on LD 2 (Sections 2.3, 3.4 and 
7.3.3 and headings a) and g) of Section 6.6.3.3).
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Following this analysis, engineering measures (Table 5.9) are proposed with a view to 
solving the problems identified and bringing accident reductions in accordance with the 
safety objectives set (Figure 6.20).
Specific safety objectives for MR3:
Improve conditions for pedestrians and 
motorcycles
Reduce n° accidents involving parked vehicles
Specific safety objectives for MR8:
Reduce n° accidents involving parked vehicles
Specific safety objectives 
• for junction PD I MR7:
Reduce accidents to turning 
traffic
MR4
/ Specific safety objectives for PD:improve conditions for pedestrians Improve conditions for motorcyclists
Specific safety objectives for 
junction MR2 / LD4:
Reduce accidents to turning traffic
15
Specific safety objectives for MR2:
Improve conditions for pedestrians 
Reduce n° accidents involving parked
Accident cluster
Overall safety objectives for Cova da Piedade area:
Reduce total number of casualties 
Improve safety on primary distributor 
Reiduce number of accidents on main routes 
Improve conditions for pedestrians, especially for elderly 
Improve conditions for motorcyclists
Reiduce number of accidents involving drivers aged 24 and under
Reduce n° of accidents involving parked vehicles on main routes and local distributors
Improve turning facilities
Figure 6.20 Plot of the overall and specific road safety objectives for the Cova da 
Piedade area (Section 6.6.4)
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Because the success of schemes will depend strongly on: (1) the acceptance of the local 
community, (2) their coherence with other urban policies; and (3) the interaction 
between individual measures (which do not necessarily have to be implemented where 
the safety problem has been identified) (Sections 4.2.4 and 5.8.1), it is noted that 
typically there is no one ideal solution.
With the purpose of contributing to the reduction of the overall number of casualties, as 
well as to the improvement of conditions for vulnerable road users, the current rather 
indistinct functional road hierarchy in Almada, or the desired network hierarchy that 
could be established if the road safety strategy were being developed by the Local 
Authority itself, should be reinforced by changing the road environment in order to:
• emphasise the particular function of each route;
• assist the creation of predictable road conditions for all road users (Sections 
2.1.4, 2.2.6 and 5.8.1); and
• contribute to adjusting road user behaviour.
This requires careful choice of materials, measures and sites for treatment to facilitate 
the creation of an appropriate visual effect to reinforce the traffic engineering effect and 
to consider the needs and limitations of specific age groups (such as children, young and 
elderly road users), including their need for information and advice.
Better conditions for pedestrians and motorcyclists on the PD, MR 2 and MR 3 could, 
for example, be achieved by improving already existing signal phasing and by 
prohibiting turns respectively.
Bollards to avoid footway obstruction combined with peninsulas or islands, which also 
help pedestrians to cross, could contribute to reducing the numbers of accidents 
involving parked vehicles on main routes and local distributors, in particular MR 2, 
MR 3, and MR 8. However, measures to control parking on main routes and local 
distributors need to be linked to measures on surrounding roads to avoid drivers 
searching for parking places on local distributors and access roads. It is also important 
to maintain capacity on the PD and main routes to discourage drivers from taking short 
cuts through adjoining local distributors and access roads. At the same time, it is
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important to consider parking strategies which encourage suitable speeds for any given 
road hierarchy level.
Mini-roundabouts at the junctions MR 2 / LD 4 and PD / MR 7 could improve turning 
facilities and help to concentrate traffic on these roads rather than divert it to other 
roads.
Analysis of traffic speed data is designated as optional in early implementations of the 
methodology and investigation of the prevalence of inappropriate speed was beyond the 
resources available for this case study (Sections 5.4.3, 5.6.3, 5.6.4, 5.8 and 6.4.3, 6.6.3). 
But if the examination of injury accident records, witness statements or speed 
measurements were to lead to the conclusion that inappropriate speed is a common 
cause of road accidents in Cova da Piedade, road safety engineering measures should be 
implemented in order both to reduce traffic speeds and to minimise speed differentials 
to avoid sharp acceleration and braking. In residential areas lower localised or area-wide 
speed limits could be implemented. On main routes and on the PD other tools, such as 
roundabouts, could be chosen if necessary.
Together with the urban road safety strategy, which aims to promote road user 
behaviour compatible with the intended functions of each road by changing the existing 
road environment through the implementation of road safety engineering schemes, the 
Local Authority is encouraged to adopt, in collaboration with other local institutions, 
enforcement, education, training, publicity and encouragement strategies, as well as to 
check road layouts of new developments by means o f road safety audits (Section 2.1.2).
The creation and maintenance of a comprehensive inventory of road safety engineering 
measures in Almada would also be a helpful tool to support the maintenance o f road 
safety measures and the monitoring and evaluation o f the strategy (Section 5.10).
Whereas Phases B (city-wide strategy) and C (area-wide study) of development of the 
Almada safety strategy tried to describe facts (although being aware o f the limitations of 
the case study in terms of the data available) which led to the identification of road 
safety problems and objectives, Phase D (investigation o f  measures) has been designed 
to exemplify what decision-makers need to consider when investigating possible 
schemes. They should, for example co-ordinate what is done for road safety in any one
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area with what is implemented in the context of other urban policies in that area and 
elsewhere. Decision-makers should also consider: (1) the wider consequences of the 
proposed schemes (Section 4.5); (2) the provision of safer environments for people with 
special needs (Sections 2.1.4 and 5.8.1); (3) a fair distribution of funding between road 
user groups (Section 2.2.6); (4) priority to certain means of transport, such as public 
transport and walking; and (5) gradual modification of land use and urban planning 
policies to tackle road safety problems. Thus, after public consultation, local decision­
makers assisted, but of course not instructed, by traffic engineers should decide the 
measures to reduce accidents in accordance with the safety objectives, choosing from 
the potential measures identified.
6.9 CHOICE OF THE SCHEMES
Beyond the scope of this study, the Local Authority will need to choose the engineering 
measures to be implemented (Section 5.9) in the light o f the considerations discussed in 
Section 6.8.
6.10 SUMMARY
This case study provides description of dominant types of accident and the current 
safety problems in Almada. Results indicate that a disproportionate number of 
vulnerable road users were injured. Possible explanations are the mixed use of many 
roads which, due to Almada’s urban history, simultaneously perform many functions, 
and the lack of provision for vulnerable road users in existing road layouts. For 
example, in the Cova da Piedade area, more than half of the pedestrian casualties 
occurred on the primary distributor, which is a route 0.6 km in length with residential 
blocks along almost the whole length, and also shops, a club, a church and a 
playground. Safety problems are also broadly related with left turning. This chapter also 
suggests where to concentrate effort to improve safety on roads and associated 
junctions.
The results of applying the diagnosis technique show that there is a real prospect of 
achieving a methodology that will be adequate for the current Portuguese context.
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However, at the current stage of knowledge in Portugal, it is difficult to quantify the 
extent of casualty reduction that could be achieved by pursuing the safety objectives 
identified.
It was acknowledged in Chapter 5 that the methodology is being developed from scratch 
and that experience obtained from this pilot application would be used to modify the 
initial proposal set out in Chapter 5. Chapter 7 will refine the proposed methodology in 
the light of this experience.
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7 IMPLICATIONS OF THE CASE STUDY FOR THE 
PROPOSED DIAGNOSTIC TECHNIQUE
Chapter 5 describes a stage in the development of the methodology to be used by 
Portuguese Local Authorities for the systematic diagnosis of accident occurrence in 
urban areas and to support the implementation of road safety engineering measures in 
ways that make good use of the scarce -  meaning limited -  human and financial 
resources allocated to road safety. Chapter 6 illustrates how this methodology was 
applied in the Portuguese city of Almada and thus provides an example of how an urban 
safety programme can be implemented. The Almada safety strategy covers the elements 
of the basic version of the methodology. Constraints in terms of data, resources and 
time, recognised at an early stage of planning the city-wide safety strategy, led to the 
exclusion of most of the optional activities belonging to the more complete version of 
the methodological framework, as well as to restrictions on the amount of both road 
accident and vehicle and pedestrian flow data that could be collected, which in turn 
limited the analysis carried out. The case study was of an untried, innovative approach 
for the urban road safety problem in Portuguese cities and therefore is part of a learning 
process prone to unforeseen hurdles the overcoming of which can contribute to the 
development of the approach. As another stage in the development of the methodology, 
this chapter aims to synthesise the knowledge gained from undertaking the case study 
and refine the initial proposal in the light of the lessons learned.
Section 7.1 identifies the main factors that allow the success of specific parts o f the 
methodology to be assessed. In Section 7.2 an assessment matrix is proposed. Section
7.3 identifies elements of success and difficulties in the process of applying the initial 
methodology in practice in Almada. Section 7.4 sets out the implications of the case 
study for the initial proposed diagnostic technique. Section 7.5 closes the chapter with a 
review of the overall findings.
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7.1 FACTORS INFLUENCING THE SUCCESS OF THE DIAGNOSTIC 
TECHNIQUE
The starting point for the process of examining the Almada experience is to identify the 
main factors that may be influential on the success of the diagnostic technique described 
in Chapter 5. In this study the success of the diagnostic technique is defined in terms of 
its capacity in helping and encouraging Local Authorities to address their road safety 
responsibilities effectively and to implement urban road safety engineering casualty 
reduction programmes. It aims to provide technical guidance together with considering 
interactions between organisations and with other urban initiatives. As discussed in 
Section 2.2.7, these programmes should be based on: (a) economic viability, (b) equity 
and (c) continuity.
At the current stage of knowledge in Portugal (Section 3.3.1), it is difficult to quantify 
the extent of casualty and accident reduction that could be achieved by pursuing the 
safety objectives identified as a result o f applying the proposed diagnostic technique. 
Consequently, it is difficult to evaluate the cost-benefits or cost-effectiveness o f the 
schemes, as well as to assess their wider implications (such as effects on traffic flows 
and mobility, local environment and other urban policies -  Section 4.5). Moreover, 
although area-wide treatments are generally less prone to the migration phenomenon 
than high-risk site treatments applied by themselves (Sections 2.3 and 4.2.2), 
Portuguese road safety engineers need to be aware o f both the road accident migration 
and the regression-to-mean effects. They should consider what data to collect and the 
required analyses in order to allow for these effects in their evaluations, in particular 
when assessing the success of remedial treatment at high-risk sites within the areas 
studied in detailed (Sections 2.3, 3.4, 4.1, 5.6 and 7.3.3). However, previous research in 
other countries (Sections 2.3, 3.4 and 4.2.4) gives good reason to believe that the 
implementation in Portugal of the measures listed in Table 5.9 are likely to bring good 
safety improvements that are cost-beneficial.
The quantification of casualty and accident reduction is a technique for objectively 
determining the benefits (including economic ones) derived from implementing urban 
road safety engineering schemes. Also, methodologically sound evaluations and good 
cost-benefit analyses of road safety education, training, publicity, enforcement and in 
particular engineering countermeasures are essential as a basis for optimising future
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strategies in terms of use of material and human resources, and to build up greater 
political and institutional motivation and commitment to implementation of road safety 
measures (Sections 2.1.2, 2.1.5, 2.3 and 3.2). Whilst quantified assessment of road 
safety measures should be increasingly brought into the development and updating of 
strategies, which will require better data and extra skilled personnel, other aspects of the 
performance of strategies can be also considered (Section 3.4). Examples are the 
contribution of urban road safety programmes to: (a) informing local institutions; (b) 
achieving equity between different road user groups, (c) promoting widely participatory 
programmes; and (d) providing lasting solutions to urban road safety problems, whilst 
recognising local idiosyncrasies and differences in the availability of resources and 
technology.
In order to develop an assessment framework that includes a wide range o f factors that 
may affect success of the methodology, the study covered all stages o f diagnosing urban 
road safety problems: from the decision to improve road safety in the context o f the 
general urban policies (Phase A -  Section 5.2) to the identification of relevant road 
safety engineering schemes (Step D .l -  Section 5.8.1). Indeed, a successful 
methodology for systematic diagnosis of urban road accidents should include four main 
overlapping sets of factors (Figure 7.1). The first set of factors, organisational structure, 
refers to the institutional support, programme management, and funding mechanisms, 
The second set of factors relates to public consultation: in problem analysis, in decision­
making, and in the implementation. The third set o f factors is the modus operandi 
factors: quantified evaluation of safety engineering measures together with flexibility 
and phased implementation. The last set of factors, learning from experience, covers 
how lessons learned from implementing urban safety strategies should contribute to 
enhance future programmes, especially by improving the quantified evaluation of 
measures.
The sets of factors which are believed to affect the performance of the diagnostic 
technique (Chapter 5) are described in more detail below.
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Successful diagnosis technique:
• systematically diagnose road accident problems in urban areas
• supports appropriate implementation of road safety engineering measures
• helps and encourages Local Authorities to address road safety effectively
• makes good use of limited human and financial resources
i i i i i i i
Organisational structure:
• institutional support
• programme management
• funding mechanisms
Public consultation:
• in problem analysis
• in decision-making 
•in  the implementation
Modus operandi:
• quantified evaluation o f  
safety measures
• flexibility
• phased implementation
• simplicity
• appropriate technology
Learning from 
experience:
• embracing error
• obtaining data for 
quantified evaluation 
o f  measures
Figure 7.1 Factors that influence the success of the methodology for systematic 
diagnosis of road accidents in urban areas in Portugal
7.1.1 Organisational structure
Institutional support (both at national and local levels), programme management and 
funding mechanisms are organisational factors.
In order to provide a strong base for on-going improvement, the diagnostic technique 
should involve local public institutions and contribute to building up their expertise, so 
that complex lessons are not lost and there is good community understanding of the 
approach being undertaken (Sections 2.6 and 3.2.2). Accordingly, one local institution, 
more likely the Local Authority, should host the project management unit, although 
external technical assistance is likely to be required, in particular in the earlier stages of 
implementing urban road safety strategies (Sections 7.4.3 and 7.4.4).
The project management unit is expected to plan and direct actions at the same time that 
encourages participation by other organisations and the local community. It should 
create conditions that enable effective and efficient diagnosis of the problems, by co­
ordinating different organisations involved, which often do not share the same interests 
or have a common objective. Co-ordination is a key element to avoid lack of awareness, 
to achieve complementary rather than multiplication of efforts, and to optimise resource 
allocation.
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A set of short-term external technical assistance might be needed to answer complex 
issues at diverse stages of the implementation of the urban safety strategy. However, the 
role of long-term technical assistance should be restricted to facilitation, advice and 
training, and should exclude executive tasks where unnecessary dependency may be 
created.
It is beyond the scope this study to advise on funding mechanisms. Financial resources 
can be assigned by public and private intuitions at national, regional and local levels.
In summary, the diagnostic technique should emphasise the benefit o f developing local 
institutions in which the role of external agents and resources should be minimised. It 
needs however to accept that reasonable additional technical assistance from external 
bodies may provide significant advantages to the urban safety strategy, especially while 
local skills and experience are being developed.
7.1.2 Public consultation
Public consultation should be carried out at different phases of the urban road safety 
strategy (Sections 2.3 and 4.6). Involvement of local people is important because it: (a) 
contributes to the relevance and support of the project; (b) can help the mobilisation of 
resources, encouraging lasting results and lower external costs; and (c) strengthens local 
organisations thus increasing confidence to undertake self-initiatives.
7.1.3 Modus operandi
Modus operandi factors include quantified evaluation of safety measures, flexibility, 
phasing implementation, simplicity and appropriate technology. The key objectives of 
the urban safety strategies require considerable participation to ensure their suitability 
and lasting solutions to problems (Section 2.2). Major gaps exist in knowledge about 
present conditions, needs, resources and institutional capabilities (Sections 3.2 and 3.3), 
with a consequent higher risk of unforeseen and unintended outcomes. Therefore, the 
design of the methodology should be kept deliberately flexible, phased, and simple, and 
should use appropriate technology.
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Effective implementation of (urban) road safety strategies requires monitoring and 
quantified evaluation of the activities being undertaken, including publicity campaigns, 
education, training, enforcement programmes and road safety engineering measures 
(Sections 2.1.2, 4.4, 4.5, 5.9 and 5.10). Monitoring road safety engineering schemes 
includes the identification of changes in the distribution of accidents and traffic and, in 
the first few months after implementation, it assists the early location and treatment of 
unforeseen effects. Therefore, the results of monitoring should be the starting point for 
the evaluation of the effects of road safety strategies upon, for example: the number, 
severity and distribution of road accidents; the routes taken by pedestrians, riders and 
drivers; and the distribution of noise and air pollution over the road network.
Central to quantifying the effects of road safety engineering schemes upon the number 
and severity of road accidents and casualties is the analysis of road accident data before 
and after road safety measures being implemented whilst allowing potential regression 
to the mean and accident migration phenomena to be taken into consideration 
(Sections 2.3 and 4.4). Three crucial elements of quantified road safety evaluation are: 
(1) the availability of reliable road accident and exposure data prior to and after 
implementation of road safety engineering schemes; (2) the adoption o f evaluation 
methods appropriate to the circumstances; and (3) the existence of relevant expertise 
and the allocation of resources to the task.
Current Portuguese data, knowledge, practice and available resources (Chapter 3) do not 
allow immediate quantified evaluation and assessment of the economic benefits of road 
safety engineering schemes. When data, knowledge and resources become available, 
comprehensive quantified evaluation will enable practitioners, decision-makers and 
researchers to estimate the safety benefits of the road safety engineering schemes as 
well as their financial appraisal (when changes in the number and severity o f accidents 
and casualties are expressed in monetary terms and are compared with the capital and 
other costs of road safety engineering implementation). The results of such evaluation 
will also be the basis for modifications of some elements o f the early road safety 
strategies and will present valuable material for evaluating subsequently proposed road 
safety engineering schemes, which will influence their choice in successive urban road 
safety strategies. Therefore, in the shortest possible time, it is important to put in place 
the prerequisites for road safety evaluation in Portugal which should include quantified
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evaluation of reduction on numbers and severity of road accidents and casualties, and 
analysis of trends and prognoses (Section 9.4).
Flexibility is an important characteristic because blindly following a prescriptive list of 
good practices and excluding those which are not so good does not assure good 
outcomes. The diagnosis technique, which must be able to be used in all Portuguese 
cities, requires a comprehensive approach that includes identifying local knowledge and 
availability of resources, and using only appropriate technologies. The capacity o f the 
diagnosis technique to be adaptable to the current local context is also associated with 
the need for long-term frameworks, because lasting casualty and accident reductions 
require programmes to be continually revised.
Phasing of activities, closely tied to flexibility, can contribute to more efficient resource 
allocation and may provide incentives to use previous under-utilised resources. A 
phased methodology also helps lessons learned to feed into ongoing programmes.
7.1.4 Learning from experience
The fourth set of factors is the capacity to learn from experience and accept that many 
elements are unknown at the outset o f the project. This represents: (a) quantified 
monitoring of effects of implementing road safety engineering measures to help in 
quantified evaluation of future schemes (Section 7.1.3); (b) facing up to error as an aid 
to learning, and (c) accepting that the Local Authority might need to start by carrying 
out the strictly necessary activities and gradually incorporate others at rates that depend 
on their (human, material and financial) resources. A learning process approach 
contributes to a methodology becoming more effective, comprehensive and efficient. 
There are links between learning, reviewing the methodology adopted and the use of 
appropriate technologies.
It is, therefore, important to assess the success o f the road safety programmes 
implemented and to synthesise the lessons learned. Synthesizing the knowledge gained 
from undertaking urban road safety strategies allows Local Authorities to justify the 
approach taken in future strategies and to promote knowledge exchange with other 
Local Authorities. Each implemented urban road safety strategy illustrates the 
application of principles and approaches required to meet localised conditions, and does
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not rely on “off-the-shelf* solutions. Technology and skills developed as a result of the 
re-application of the programmes will have a lasting effect, as they become available 
within the Local Authority for future projects and in-house training.
The four sets of factors described above are assumed to influence the success of a 
methodology for systematic diagnosis of urban road safety by bringing the relevant 
professional people and the local public (elected members, police, transport operators 
and infrastructure providers, emergency services and the community -  Section 4.6) to:
• a new understanding of their road safety problems and corresponding 
safety objectives;
• a motivation to create skills to consider potential road safety schemes; and
• a readiness to consider different approaches to mobilise and maintain 
resources which may contribute to on-going urban road safety engineering 
programmes.
In addition to their relation to the success o f the safety strategies, there are links 
amongst the four sets of factors. For example, the local institutional culture may affect 
the type and level of community involvement, which in turn may affect the level of 
funding, while funding sources are likely to influence technology employed and 
therefore influence any lessons learned.
The process of urban road safety management is a continuous one. As well as reducing 
death and injury directly, the systematic implementation of urban road safety strategies 
also aims to change road user behaviour (Section 2.1.3) and the readiness and capacity 
of institutions and individuals to pursue urban road safety goals (Sections 2.6 and 3.2.2). 
This in turn will require enhancements in the proposed methodology which should be 
reviewed at regular intervals.
7.2 AN ASSESSMENT MATRIX
This section describes the development of the author’s proposal for the assessment of 
any application of the diagnostic technique described in Chapter 5. Its aim is to help 
Local Authorities to assess the success of their development of urban road safety
307
Implications of the case study for the proposed diagnostic technique
strategies and to focus on the areas which need to be enhanced. The assessment matrix 
is based on the four sets of factors identified in the preceding section.
Due to the lack of experience and of financial, human, and technological resources 
currently allocated to urban road safety in Portugal (Chapter 3), the implementation of 
the diagnostic technique is likely to be gradual and it will be difficult initially for Local 
Authorities to make it fully effective. The diagnostic technique has been designed to 
allow activities to fit the needs, information and capacities of different circumstances 
(Section 5.1). While few Local Authorities have a traffic department or division, others 
are at an earlier stage of development in establishing organisational structures to deal 
with these issues (Section 3.2.2). The extent to which an urban road safety strategy is 
carried out will depend on local circumstances and should increase with time within 
each Local Authority as it gains experience.
The current urban road safety context (Sections 3.2 and 3.3) allows the identification of 
five different stages between the current situation and progress with respect to each of 
the four sets of factors that were identified in Section 7.1 as affecting success of the 
diagnosis technique. Figure 7.2 shows a general matrix with the four factors 
(organisational structure, public consultation, modus operandi and learning from 
experience) and the different scenarios ranked from zero (less good) to four  (excellent). 
Level four o f the matrix should not be seen perfection, but rather as the current limit 
expected in the light of the literature review (Chapter 3). This matrix provides a tool for 
assessing the success of the diagnosis technique (Chapter 5), when applied by a Local 
Authority, by grading the levels of each o f the factors which influence the success of the 
diagnostic technique. It can also be used as a guide for enhancing the success of 
subsequent development of urban road safety strategies once cities have initial strategies 
in place. The evaluation matrix can, and is expected to, evolve as Local Authorities 
familiarised themselves in developing urban road safety strategies.
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Organisational
structure
Public consultation Modus operandi
Learning from  
experience
4
Fully integrated into 
general urban transport 
policies.
Comprehensive public 
participation by 
organisations and local 
community.
Published urban road 
safety plan with targets, 
reviews and active 
commitment.
All aspects o f  
diagnosis technique 
assessed and linked to 
a review o f the action 
plan.
3
Responsibility taken by 
the Local Authority. 
Successful co­
ordination.
Comprehensive 
organisational 
participation (dialogue) 
and community 
consultation with 
feedback.
Flexible application o f  
the basic diagnostic 
technique. 
Cost-benefit analysis 
and systematic 
consideration o f wider 
effects including those 
not expressed in 
monetary terms.
Comprehensive 
understanding o f  how 
and why road safety 
engineering schemes 
work.
2
Responsibility taken by 
the Local Authority but 
lack o f  encouragement 
for participation by 
other organisations or 
the local community.
Piecemeal 
organisational 
participation (dialogue) 
and local community 
information 
(one-way process).
Flexible application o f  
the basic diagnostic 
technique. 
Gradual incorporation 
o f analysis belonging to 
the complete version.
Some use o f  the 
quantified evaluation o f  
expected effects o f  
proposed schemes to 
inform decisions about 
implementation.
Evaluation o f  
implemented schemes 
informed by 
monitoring them and 
estimation o f effects.
1
Some support from 
Local Authority. 
Extensive use o f  
external support.
Piecemeal
organisational
participation
(dialogue).
Flexible application o f  
the basic diagnostic 
technique but little or 
no quantified 
evaluation o f  expected 
effects o f  measures.
.................. ...........
Assessment o f  the 
organisational 
structure, public  
consultation, modus 
operandi o f  the 
diagnostic technique 
carried out with follow  
up. Little or no 
quantified evaluation 
o f  road safety 
engineering measures.
0
No technical or 
management 
involvement by the 
Local Authority. 
Exclusive use o f  
external technical 
assistance.
No public involvement. No urban road safety objectives set. N o assessment.
Figure 7.2 Assessment matrix for the methodology for systematic diagnosis of road 
accidents in Portugal
The matrix has been developed to serve two main purposes. First, it assists the 
judgement o f how successful a particular diagnosis of urban road safety problems was, 
based on the four sets of factors of which they are elements. The second purpose of the
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matrix is to indicate ways to enhance the likely success o f future development of urban 
road safety strategies. For example, if only local organisations participated in the 
development of an urban safety strategy in one particular city (level 1 of the public 
consultation factor) then the next natural stage is involving also the local community 
either by providing information (level 2) or by consulting them (level 3), rather than 
expecting a comprehensive public participation (level 4). Although the pace o f future 
upgrading of programmes is dependent on the extent of the available resources and data, 
it should be possible gradually to build up the necessary skills.
Whereas the short term development of the diagnostic technique is to gradually progress 
in the various stages (A - Policy context, B - City-wide strategy, C - Area-wide studies, 
and D - Investigation o f relevant measures) described in Chapter 5, the use of the 
assessment matrix (Figure 7.3) can support the appraisal of progress in developing the 
diagnostic technique in the long term. This assessment matrix is envisaged to be applied 
whenever Local Authorities are planning a significant revision o f the urban road safety 
strategy as it aims to gauge how far they have progressed in developing the process.
7.3 ELEMENTS OF SUCCESS AND PERCEIVED PROBLEMS IN 
APPLYING THE TECHNIQUE IN ALMADA
This section assesses the development of the urban safety strategy in Almada and the 
first area-wide study under the strategy. Its success is measured by the extent to which 
the case study complies with the four sets of factors identified in Section 7.1. These are: 
organisational structure (Section 7.1.1), public consultation (Section 7.1.2), modus 
operandi (Section 7.1.3), and learning from experience (Section 7.1.4). The Almada 
programme attempted to cover all factors, although the extent to which this was 
achieved varies. Due to the academic nature o f this research, there was a flexible 
application of the basic diagnostic technique without quantifying the expected effects of 
measures and there was little involvement by the Local Authority.
7.3.1 Organisational structure in Almada
The Local Authority agreed to allow the city of Almada to be used as a case study for 
this thesis, but they did not commit themselves to adopting an urban road safety strategy
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in the city, perhaps because of the novelty of the project. Although their interest in the 
success of the study was limited, rapport with institutions (at local, regional and national 
levels), which proved to be essential to the study, was quickly established. The Almada 
case study received the support needed in terms of local knowledge and authorisation 
for accessing different types of data (Sections 6.2.3; 6.4.3.1; 6.4.5; 6.5 and 6.7). 
Experience has indicated that a detailed understanding of local institutional framework 
is crucial in planning a safety strategy.
The enthusiastic support of individuals seemed to be another key element. In Almada, 
the mayor supported the development of the safety strategy from its initial stages. The 
police chief, and those responsible for the traffic and urban planning units were actively 
involved. They helped to overcome problems caused by lack o f essential links among 
professional groups within the Local Authorities and other organisations. Yet, in some 
cases there were delays in giving access to data, such as permission to have access to 
police road accident data, exposure data at city-wide level, and digital maps, which led 
to multiplication of effort and considerably increased the magnitude of the work.
In a typical study for a city safety strategy, the Local Authority should undertake the 
preparation, co-ordination and implementation of activities. Due to the particular nature 
of the research in Almada, these were responsibilities of the author. This meant that: (a) 
most of the operational decisions (Sections 6.2.1; 6.3; 6.5; 6.7) were probably quicker, 
and (b) unforeseen and unpredictable incidents were acknowledged and overcome in a 
different way than they would probably be in a typical case.
The development of the Almada case study, has already led the Local Authority to 
recognise the opportunity of considering road safety in other urban programmes, such as 
in the introduction of the light tram network (Transitec Portugal, 2002a, b).
Although the degree of awareness among local institutions of the importance of urban 
road safety has increased as a consequence of the development of the safety strategy in 
Almada, this did not contribute to the level of institutional involvement that should be 
desired in a typical case because nobody within the Local Authority has been assigned 
to follow and therefore understand the application of the case study.
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The case study had the organisational support required, in terms of political 
involvement, and use of existing organisational assistance and technologies. It also 
contributed to increasing the awareness of road safety in the context of the other urban 
policies. However, it fell short in terms of increasing local institutions’ “know-how”.
7.3.2 Public consultation in Almada
At its outset the Almada case study identified public consultation as central to its 
approach. Public consultation was seen to have many potential advantages in terms of 
the strategy outcomes: equitable, lasting and acceptable road safety engineering 
schemes.
The study had the active participation and support from local, regional and national 
organisations (Sections 6.2.3 and 7.3.2). Due to time and other resource constraints, 
organisations with which links were not crucial at the diagnosis stage were not 
contacted, with exception of the local hospital (Table 5.1). The involvement of residents 
and shoppers, for instance, would be essential after the identification of potential urban 
road safety schemes (Step D.l - Section 6.9) and before the choice and implementation 
of the engineering measures, but was not thought necessary at the diagnosis stage.
Although there was a fair participation o f different organisations at different stages of 
the development of the case study, due to the academic nature of this research project 
the planning and implementation of the activities were exclusive responsibilities of the 
author (Section 7.3.1).
The case study confirmed that, in addition to the advantages of the participation of some 
broad groups already identified, the relatively high degree of uncertainty under which 
road safety engineering in Portugal will still need to work for some time, due to 
limitations of data and lack o f previous urban road safety studies and schemes, means 
that traffic engineers must rely not only on their own judgement but also on the views of 
other professional groups, in particular local decision-makers, planning division officers 
and the police (Sections 4.6, 5.2.3, 6.2.3 and 6.4.5). However, until the traffic 
engineering professionals themselves become more experienced, wider consultation and 
participation of, for instance, the local community is not such a high priority.
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7.3.3 Modus operandi in Almada
The Almada case study had a clear phased plan of action both for co-ordinating work 
with different organisations and carrying out activities. It involved a continuing 
planning process because activities within each phase needed to be planned according to 
earlier phases and decision stages.
The basic diagnostic technique (Section 5.1) was followed exactly as far as the case 
study went, and complemented with some optional activities belonging to the more 
complete version (for example, liaising with the local hospital). It was recognised from 
the outset that at the current state of knowledge and availability of data in Portugal, it is 
impractical to quantify the extent of casualty and accident reduction likely to be 
obtained by pursuing the safety objectives identified (Sections 5.2.1, 5.4.4, 5.5 and 5.8). 
The diagnostic technique also allowed a degree of flexibility, which is a key factor for a 
long-term framework. Examples of this type of flexibility are:
a) in sequence of the execution of some stages: assembling data (Step B .l - Section 
6.4.1) started before analysis ofpotential inherited solutions and restrictions (Step
A.4 -Section 6.2.4) and future prospects (Step A.5 -  Section 6.2.5) had finished. 
Different tasks being carried out simultaneously helped to keep schedules and to 
better manage resources;
b) in the approach taken for developing urban road safety programmes (Section 4.5). 
The improvement of urban road safety was the main incentive for developing the 
Almada safety strategy (proactive approach), but results of the programme are 
now being used in another urban initiative namely the introduction o f the light 
tram network in the city (reactive approach);
c) in adapting the method of analysis used to match local circumstances and 
expertise. Two examples are described. First, population data per block, which as 
recommended in the proposed methodological framework (Chapter 5) was 
collected for the Cova da Piedade area but was not used in the safety analysis. 
This because the number of reported accidents on access roads was very small, 
and road accident problems on other types o f road (local distributors and main 
roads), which cater for through traffic, are less likely to be related to the local
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population. If there were more accidents on the access roads then information on 
the people who live in different areas would be relevant. In sort, in this particular 
case, population data per block were not used whereas in general it is a relevant 
piece o f information. Secondly, according to the recommendations in the Section 
5.4.3, analysis of the proportion of reported accidents occurred in the dark is 
discretionary. In the Almada case study it was considered reasonable to omit this 
part o f the analysis because the proportion of reported accidents during different 
periods o f the day did not show clear differences between them. But, o f course, 
had there been statistical significant differences between daytime and the night, it 
would be worth investigating how this was specifically reflected in the light / dark 
(heading b) o f Section 6.4.3.3).
Despite its overall success, the pilot study revealed some methodological problems in 
the data collection, data preparation and data analysis which are described in Table 7.1. 
Shaded items in this table were only required at area-wide level, whereas the remainder 
were needed at both city-wide and area-wide levels.
Table 7.1 Methodological problems experienced during the case study in Almada
M ETHODOLOGICAL PROBLEMS
DATA COLLECTION
The strategy required the author to: (1) lead various organisations at local, regional and national levels (Table 6.1) to an 
understanding of the importance of formulating an urban road safety strategy in Almada, and thus assuring their support 
and access to data; (2) conduct site visits and survey local conditions; and (3) collect data in Almada and in some local and 
national organisations. These activities, which were spread over three years, were alternated with periods in London (where 
the research project has been developed) creating logistical difficulties and delay in the availability of information.
Laborious time consuming task. In particular, extracting the road accident data from the local police station. In 
total, over 1 750 road accident records were copied (Figure 6.6). In practice, it proved necessary to allow on 
-g average twenty minutes to locate, fully understand and copy each (hand-written and typed) police form (which
3  were kept together with other police documents, such as alcohol control tests) and respective accident sketch. The
|  work amounted to 580 hours (16 weeks). This task was carried out simultaneously to collecting other data.
<8 Road accident data from the national road accident database were used to complement data from police station.
•om
Access to road accident data from hospitals was not possible (Step A.3 -  Section 6.2.3). As it is likely that a 
typical Local Authority may encounter the same difficulties, Local Authorities should not necessarily expect to
________ have this information. ________
Counts of vehicles turning at junctions and pedestrian crossing movements required at least two people to 
•o 3  undertake data collection, particularly on the busy roads. The work amounted to two weeks, excluding previous
c -5 desk-study and site visits. The short period traffic counting technique is described in the Appendix A.7. The
*a a  methods used are likelv to ha\e led to an under or overestimation o f traffic flows at individual locations. Traffic
* E flow data collected were useful to have a general idea of traffic patterns and broad differences but its limited
jS o scope limits its use for determining accident rates (see Data analysis of this Table)
2 >
All roads in the Cova da Piedade area were video recorded in order to register particular features, such as width,
length, traffic signals, markings, etc. This task amounted to two weeks.___________________________________
There was little exposure data available at either city-wide or area-wide level, and when it existed it was not 
always promptly accessible due to lack of experience and/or communication channels in relation to urban road 
safety issues.
H g
314
Implications o f the case study for the proposed diagnostic technique
METHODOLOGICAL PROBLEMS
DATA PREPARATION
The author codified and introduced data into two SPSS files, and then verified it, which were lengthy tasks. The 
initial dimensions of the files were 106 columns (variables) x 1555 rows (accidents) for the city-wide strategy 
(Phase B -  Section 6.4) and 106 columns (variables) x 367 rows (accidents) for the area-wide study (Phase C -  
Section 6.6). The work amounted to five weeks, excluding the initial preparation of the file.
g Records do not include accurate locations of accidents and this means that analysis of sketches and
have to be carried out to obtain this information. Due to resource constraints, the exact location of accidents was 
m carried out at area-wide level but not at city-wide level. This restriction reduced the spatial accuracy of the accident
analysis at city-wide level.
ooc
The Local Authority provided digital maps only at a late stage in the implementation of the methodology in 
Almada. Therefore, for the purpose of data analysis, road accidents were depicted (with less detail at city-wide than 
at area-wide level) on maps manually. Map preparation was a time consuming task and amounted to five weeks. 
Road accident data were subsequently copied on to the digital maps (Appendixes A.3 and A.6), which took another
______ two weeks. The initial unavailability of digital maps thus increased the work involved.______ _________________
a 2  Like the road accident data, the functional road hierarchy for motor vehicles and trafffcMloig/S were initially
2 -5 depicted on a map manually. When digital maps were made available by the Local Authority, information was
£  t  copied to the digital maps using the design software AUTOCAD (Appendices A.2 and A.8). This also increased the
£  ■g work, which took three weeks.
DATA ANALYSIS
SPSS was chosen for this research because it is a well established data analysis package available on the UCL 
computer systems (Section 6.4.1), but it is not available in the standard micro-computer packages, in particular by 
Microsoft. For analysis purposes, SPSS required syntax writing to transform the initial multidimensional file into 
several one-dimensional files (Appendix A.l); it required special training. This added to the time required for 
statistical descriptive analysis. Therefore, a more suitable package will be recommended (Section 7.4.2).
Moreover, SPSS does not allow automatic plotting of road accident data.
In practice, analysis of single-vehicle pedestrian (and other vulnerable road user) accidents was limited at the city- 
wide level (Section 6.4.3), due to the characteristics of the proposed method for collecting from the police station and 
processing road accident data (Table 5.3). There were difficulties in drawing firm conclusions from data analysis 
results because: a) the relatively short period of road accident data that it was practicable to collect (Sections 6.4.1 
and 6.6.1) contributed to the small number of some categories of accidents and casualties and limited statistical 
analysis (Sections 6.4.3 and 6.6.3); b) the available road accident data had limitations, in particular apparent 
inaccuracies in reporting and accident location (Table 7.2), and a proportion of relevant information was missing 
(Section 6.4.3 and 6.6.3); c) the level of reporting injury and damage road accidents seemed to differ (Section 6.4.3); 
d) the methods used for collecting traffic flow data had known limitations (see Data collection in this Table); and, e) 
time difference between accident data and traffic, environmental and other exposure data (Sections 6.4.1 and 6.6.1). 
Extra caution is required in interpreting the results of the chi-squared test in terms of likelihood of real difference 
where accident numbers were higher than about 100 and where numbers of road users or vehicles involved in 
accidents were being analysed (Sections 5.6.3,6.4.3 and 6.6.3). Data limitations can lead to difficulties in quantifying 
casualty and accident reduction and assessing the success of the urban road safety strategy (Sections 7.1 and 7.2). 
Improvements in data collection and management in order to contribute to more accurate analysis will be suggested 
(Sections 7.4.2 and 9.4).
It is not yet practicable to carry out the quantified evaluation of proposed road safety engineering measures because at 
current level of knowledge and data available in Portugal it is difficult to estimate the relevant expected reductions in 
numbers and severity of accidents and casualties (Sections 7.1 and 7.2). Therefore, it will not yet be possible to help 
in deciding which road safety engineering schemes to implement and in what order (Sections 4.3, 5.9 and 6.9) by 
estimating the likely consequences of particular road safety schemes.
Processes of data collection, preparation and analysis in Almada pointed to road 
accident data limitations specific to Portugal (Table 7.2).
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Table 7.2 Portuguese road accident data limitations exposed by the case study in 
Almada
ROAD ACCIDENT DATA . . . . . .  ,, Addi t i onal  information
Inaccuracies in reporting The main motivation for road accident recording has been legal procedures.
Besides, although the police are now represented at the CNSR and CDSR 
(Section 3.2.2), local police officers have not been involved directly in road 
accident data analysis. Therefore, there is often lack of motivation and 
disregard from police officers who collected accident information on the spot, 
for gathering correct data.
Concerning the national database: the fact that until the year 2000 the police 
officers who completed the police forms forwarded them to Direcgao Geral 
de Viagao (DGV), where darra were computerised without any double 
checking from another local professional, which did not allow inconsistencies 
and/or errors to be easily spotted and corrected. This situation might improve 
as the information is now being computerised by local police officers. A very 
important source of inaccuracy is the accident location (see below).
The Almada case study showed that the description of the road environment 
on the police forms (Section 3.3.2) is often missing.
Accident data location Names of die roads were (at least in 1996 and 1997) often filled in by police
officers but were seldom available in the digital files. Exact location of 
accidents within the street was often missing from police forms and, 
consequendy, from the national database. It is likely that this situation has 
become worse with the adoption of the new BEAV model (Section 3.3.2 and 
Table 2.3). Police officers are not always aware of Freguesia (Borough) 
borders. In Almada, as in most Portuguese cities, road accidents have not yet 
been located on maps.
There is lack of human and technical resources and the police have not seen 
road accident data as a priority. In addition, there is no systematic procedure 
to investigate true accident figures, for instance by conducting parallel studies 
on accident occurrence from hospitals or insurance companies. Therefore, 
there is little idea of how reliable the figures are for either road accidents or 
casualties.
Data from the local police station in Almada and from the national database 
do not always match. There are accidents reports found at the local police 
station but non-existent in the national database and vice-versa. Records of the 
same accident in the two databases do not always have the same information.
The very small number of reported road accidents on access roads in Cova da 
Piedade suggests a particular underreporting problem. Similarly, the 
distribution of accidents by period of the day in Cova da Piedade also suggests 
an underreporting problem over late evening and night (between 22:00 and 
6:00) (Section 6.6.3).
The case study showed that urban road engineers in Portugal will still need to make 
decisions in the face of imperfect knowledge, including gaps in the data acquired. The 
urban safety management philosophy, upon which the proposed methodology was 
developed, recommends that urban road safety strategies are built upon other road
Accident underreporting, 
undercounting, and 
discontinuities
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safety actions, such a education, training, publicity, enforcement and predominantly the 
treatment of high-risk sites (Sections 2.3, 3.4, 4.1 and 5.6). At junction A (Sections
6.6.3.3 a) and g)) the installation, in July 1996, of traffic signals reduced accidents from 
14 injury and 20 damage in 1996 to none in 1997. Almada’s case study thus lends 
support to the need for the strategy to consider priority for the identification and 
treatment of high-risk sites. This is potentially an effective short-term solution given 
that a high proportion of Portuguese urban accidents are likely to cluster and that there 
are considerable data and human and material resources limitations (Sections 2.2 and
2.3 and Chapter 3). Moreover, quantified evaluation of proposed road safety 
engineering measures to assist in identifying relevant schemes is not yet practical in 
current Portuguese conditions. Overall, the Almada road safety strategy demonstrates 
that Portuguese Local Authorities can make substantial progress in diagnosing their own 
road safety problems without needing to wait for large-scale technological changes.
7.3.4 Learning from experience in Almada
The ability to review experience and incorporate the lessons learnt into future urban 
road safety strategies has been identified as an essential part of the Almada strategy. 
Learning in this case study is more than an academic exercise; it is designed to feed 
back directly into planning future urban road safety strategies in Portugal, in the same 
way that future urban road safety strategies should themselves be able to do.
Most of the key lessons have already been identified in this section (Sections 7.3.1 to
7.3.3). The case study offers clear evidence that non-technical factors are of great 
importance to the diagnosis technique to be recommended. In addition to those 
previously listed, noteworthy findings are:
1. the identification of the current technical, institutional, social and cultural 
contributory factors to Portuguese urban accidents (Sections 3.2 and 3.3) 
was decisive in developing the diagnostic technique (Chapter 5) and 
played a key role in the successful implementation of the case study 
(Chapter 6). Diverse, complex and continuously changing urban 
environments require that these factors be taken into account at the outset 
of each programme. In particular, attention must be given to available 
resources and priorities of each city;
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2. programme management will be central to future strategies. The co­
ordination of activities and different organisations will need to be flexible 
and creative, and to encourage participation; given the right support and 
motivation, the capacity for organisations to work together can be 
enhanced;
3. the Almada Local Authority lacked resources and the vision to expand 
opportunities to tackle urban road safety problems. The Local Authority 
indicated limited availability of data and relevant expertise as the main 
factors to delay urban road safety improvement. The systematic 
implementation of the basic version of the methodology proposed in 
Chapter 5, which corresponds to around level 1 of the organisational 
structure, public consultation, modus operandi and learning from  
experience in Figure 7.2 and Figure 7.3, can potentially achieve immediate 
safety improvements and build up expertise. This should be combined with 
urgent action to established improved and more widely accessible road 
accident databases. Monitoring the safety impacts of the early schemes 
will not only potentially generate better data for a more comprehensive 
USM approach (moving towards covering the most complete version of 
the methodology (Chapter 5) and other scenarios of the assessment matrix 
(Section 7.2)) but will also allow the quantification of changes in numbers 
and severity of accidents and casualties (bringing quantified evaluation to 
level 2 of the learning from experience and modus operandi in Figure 7.2, 
both as first steps towards higher levels);
4. a crucial initial difficulty will be the lack o f traffic engineers with 
experience, which will lead to the need for a higher level o f external 
support;
5. a particular difficulty was the public consultation, for which mechanisms 
are virtually non-existent in Almada. Public consultation depends on 
effective human resource development and education so that involvement 
of participants is productive and they are aware of the importance of their
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contribution. It is likely that other Local Authorities would face the same 
difficulties; and
6. the Almada strategy emphasises the need for replicating the methodology 
both in the rest of Almada (in detailed studies o f other local areas), and in 
other cities (at both city-wide and area-wide levels). Safety schemes 
should be implemented, monitored and evaluated in order to assess the 
effects on accident occurrence and traffic patterns of road safety measures 
in Portuguese urban areas. Schemes need to be in place for enough time 
before they can be fully evaluated, so this will take several years from the 
time it is commenced.
The Almada road safety strategy succeeded in obtaining a useful initial picture of urban 
road safety problems in the city, by adopting simple technology -  available in the 
current Portuguese context - and drawing on relatively few resources. It can therefore 
serve as an initial model for other cities to tackle their road safety problems. Although 
throughout this research it became increasingly apparent that more effort was needed in 
Portugal to systematically structure the implementation of road safety measures, collect 
and manage road accident and exposure data, and increase levels of education of 
practitioners, the experience in Almada provides evidence that the proposed 
methodology, with the necessary improvements, can potentially be used as a long term 
framework.
7.3.5 Summary of application of the suggested assessment framework in 
Almada
The assessment matrix developed in Section 7.2 has two main aims: the first is to help 
to assess any particular implementation of the diagnostic technique; and the second is to 
recommend methods for making future applications more successful. This section 
summarises the foregoing application of this assessment framework to the case study 
developed in Almada.
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Figure 7.3 presents the performance of the diagnostic technique in Almada by means of 
the matrix (Figure 7.2) and identifies the level to which each of its attributes has been 
attained (Sections 7.1 and 7.3.1 to 7.3.4).
Organisational
structure Public consultation
Modus operandi
Learning from 
experience
4
Fully integrated into 
general urban transport 
policies.
Comprehensive public 
participation by 
organisations and local 
community.
Published urban road 
safety plan with targets, 
reviews and active 
commitment.
All aspects of 
diagnosis technique 
assessed and linked to 
a review o f the action 
plan.
3
-----------------------------
Responsibility taken by 
the Local Authority. 
Successful co­
ordination.
Comprehensive 
organisational 
participation (dialogue) 
and community 
consultation with feed 
back.
Flexible application of 
the basic diagnostic 
technique. 
Cost-benefit analysis 
and systematic 
consideration o f wider 
effects including those 
not expressed in 
monetary terms.
Comprehensive 
understanding of how 
and why road safety 
engineering schemes 
work.
2
Responsibility taken by 
the Local Authority but 
lack o f encouragement 
for participation by 
other organisations or 
the local community.
Piecemeal 
organisational 
participation (dialogue) 
and local community 
information 
(one-way process).
Flexible application of 
the basic diagnostic 
technique. 
Gradual incorporation 
of analysis belonging to 
the complete version.
Some use o f the 
quantified evaluation of 
expected effects of 
proposed schemes to 
inform decisions about 
implementation.
Evaluation of 
implemented schemes 
informed by 
monitoring them and 
estimation of effects.
1
Some support from 
Local Authority. 
Extensive use of 
external support.
Piecetieal
organiational
p3%ci»ation
(ditygue).
Flexible application of 
the basic diagnostic 
technique biI little or 
no (fmnlfied 
evaluation i f  expected 
effects o f measures.
Assessment o f the 
organisational 
structure, public 
consultatiot, modus 
operandlof the 
d ia g n d ^  technique 
carried oulpith follow 
up. Little or no 
quantified evaluation 
o f road safety 
engineering measures.
0
No technical or 
management 
involvement by the 
Localmfthority. 
Exclusive^Jse external 
technical assistance.
No public involvement. No urban road safety objectives set. No assessment.
Figure 7.3 Assessment matrix for the case study in Almada
320
Implications of the case study for the proposed diagnostic technique
The results of the application of the assessment matrix are clearly influenced by the 
research purpose of this case study which is reflected in the level (one) achieved by the 
public consultation, the modus operandi, and the learning from experience sets of 
factors. The exploratory nature of the study and the fact that the Local Authority in 
Almada has not taken the decision to have an urban road safety strategy, but has only 
allowed the city of Almada to be used as a case study for the purpose of this research 
independently of any of its own initiatives (Sections 7.1, 7.3.1 and 7.3.2), are reflected 
in the rating for the organisational structure set of factors: level zero.
Because this case study has been different from a real case, when the Local Authority is 
committed to adopting and directly involved in carrying out the urban road safety 
strategy, the assessment matrix can only partially be applied. It does not provide 
recommendations to enhance the level of the organisational structure; and, due to 
specific resources restraints, only indicates the possible level of achievement in public 
consultation. Additionally, although this is considered a key aspect o f learning from  
experience, it is beyond the scope of the case study to implement and monitor the 
identified road safety engineering measures or to assess their effects on accident 
numbers and severity and on traffic distribution. However, the illustrative and partial 
use of the assessment matrix in this study helps to make some important lessons clear 
and assists in the refinement of the initial diagnostic technique (Section 7.4).
7.4 REFINEMENT OF THE INITIAL DIAGNOSTIC TECHNIQUE
The experience in Almada, in both its success and its identified problems (Section 7.3), 
presents key lessons from which to refine the initial proposed diagnosis technique. The 
pilot study in Almada suggests the re-evaluation of the following steps of the initial 
proposed methodology: establishment o f  links among professional groups (Step A.3 -  
Section 5.2.3), assembling data at city-wide and area-wide levels (Step B.l - Section
5.4.1 and Step C.l -  Section 5.6.1), allocation o f resources at city-wide and area-wide 
levels (Step B.2 -  Section 5.4.2 and Step C.2 -  Section 5.6.2), data analysis at city- 
wide and area-wide levels (Step B.3 -  Section 5.4.3 and Step C.3 -  Section 5.6.3), and 
identification o f candidate areas fo r  area-wide analysis (Step B.5 -  Section 5.4.5). In 
some cases this re-evaluation means an amendment and in others an addition to what 
was initially proposed.
321
Implications of the case study for the proposed diagnostic technique
7.4.1 Establishment of links among professional groups
In addition to recommendations in Step A.3 (Section 5.2.3), it is important to notice that 
efforts to establish essential links among professional groups within the Local 
Authorities and other organisations need to be made at an early stage because the 
communication channels for these issues have not yet been created and, therefore, the 
process may be rather slow.
Findings support views expressed in the literature review that institutional and political 
support is key if road safety is to be improved in Portugal (Section 2.1.5 and 3.2.2). 
Therefore, the success of the methodology is strongly conditioned by the value and 
significance the Portuguese national, regional and local institutions attach to urban road 
safety problems and the level of their involvement in actions aimed at actively 
improving the current situation. However, the case study indicates that while public 
consultation may be a desirable goal of the proposed approach (Sections 2.3, 4.6, 5.2.3 
and 7.3.2), it is not a high priority in the early stages.
7.4.2 Assembling data at city-wide and area-wide levels
In the light of the experience gained by carrying out the case study, Local Authorities 
are recommended to revise the scheme initially proposed for collecting and storage of 
road accident data (Steps B.l and C .l) and vehicle and pedestrian traffic flow data. 
Significant improvements in the Portuguese data collection and management systems, 
specifically to overcome limitations identified in Table 7.1 and Table 7.2, are required 
to allow further improvements of urban road safety strategies in Portugal towards the 
implementation of the more complete version of the methodology proposed in 
Chapter 5.
The case study has confirmed the importance of recognising that statistical reliability is 
dependent on the existence of enough historical road accident data and concurrent 
exposure data (Sections 6.4.3, 6.6.3 and 7.3.3). It is, therefore, argued that future 
strategies should aim to use the last three to five years o f road accident data, as initially 
proposed.
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To reduce inaccuracies in reporting (Table 7.2), the key category road type of the 
proposed reporting scheme should be kept separate from the remaining five categories: 
basic accident description, environment, vehicle, driver and casualty details. Also in 
order to assist road accident analysis, description of variables in the categories: basic 
accident description, vehicle, driver and casualty details of the initially proposed 
scheme should be enhanced or extended.
Table 7.3 (based in Table 5.3 -  Section 5.4.1) shows a modified scheme for collecting 
road accident data from the currently available police forms and to engage in the basic 
version of the methodology proposed (Chapter 5). Items that have been altered from 
Table 5.3 are in italic, and as before, optional items are underlined. Variable: type o f  
accident in the category “basic accident description”, driver group in the category 
“driver details”, and road user group in the category “casualty details” will assist in- 
depth road accident investigation, in particular analysis of single-vehicle vulnerable 
road user accidents. Site visits, maps and local knowledge should be used in order to 
collect or complement the optional variables of the category road type. The police 
sketch of the accident should also be copied. The casualty process number in the health 
unit is optional. Because road accident databases, in particular police records and the 
national database, seem to be incomplete in different ways (Section 6.4.1), it is 
important to consider combinations or comparisons between sources. Therefore, when 
possible the national road accident database, maintained by Direcgao Geral de Viagao 
(DGV) (Section 3.3.2) should be used in order to complement the police records.
Coded accident data should then be introduced into a computer file for storage and 
analysis purposes. Local Authorities are advised to use either database related software, 
for example Microsoft Access, or accident analysis systems (Section 2.4), such as the 
Micro-computer Accident Analysis Package (Transport Research Laboratory (TRL), 
2003). Accident analysis systems have an advantage over database related software of 
having map overlays for accident plotting (Table 7.1 -  Data analysis).
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Table 7.3 Revised items of road accident data to be collected for a city-wide
strategy and area-wide studies
ITEMS DETAILS
Basic accident description
Police reference
Date
Time
Day
Freguesia (Borough)
Severity Severity: Fatal, serious, slight, damage.
Number of vehicles
Number of casualties
Accident type Accident type: pedestrian, pedal cycle, motorcycle and
Location other (as defined in Table 6.25).
Description
Road type
Functional hierarchy level Functional hierarchy level: Primary distributor, main
Speed limit road, local distributor and access road (Table 5.4).
Junction: Type Junction: multiple, T, Y, cross roads, roundabout, other.
Link: Link
Characteristics (optional) Characteristics: straight, curve.
Carriageway (optional) Carriageway: one-wav road, single, dual.
Control at exit (optional) Control at exit: uncontrolled, give wav. stop, traffic
signal, priority.
Facility (ootional) Facility: none, pedestrian crossing, traffic lights.
pedestrian crossing with traffic lights, refuge.
Environmental details
Light Light: light, dark.
Weather Weather: wet, dry.
Vehicle details
Vehicle type Vehicle type: pedal cycle, motorcycle, car, taxi, van, lorry,
Parked /moving bus, and tram.
Driver details
Driver group Driver group: cyclist, motorcyclist, car/taxi driver,
Age van /  lorry /  bus driver, other.
Sex
Alcohol test
Alcohol test result Alcohol test result: negative, positive.
Alcohol test value Alcohol test value (gram / litre).
Seat belt (optional) Seat belt: consideration should be given to collect this
information although its reliability (due to underreporting.
undercounting and discontinuities) can be low.
Casualty details
Road user group Road user group: Pedestrian, bicycle user, motorcycle
Age user, car /  taxi user, bus /  tram user, other.
Sex
Severity Severity: Fatal, serious, slight.
Vehicle number Vehicle number: vehicle where the casualty was.
Sketch Copy from police record.
Other (optional) Casualty process number in the health unit
There are database applications available in standard microcomputer packages and their 
use is therefore less likely to involve initial additional purchase costs. This option,
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however, will require: (a) expertise, in other words someone who knows how to use the 
software; (b) the design of a relevant file for statistical accident analysis; and (c) 
manual plotting of accidents on the maps (both their initial preparation and ongoing 
up dating), which are laborious resource consuming tasks. If this option is chosen, the 
categories: (1) basic accident description, (2) road type, (3) environment details, (4) 
vehicle details, (5) driver details, and (6) casualty details should be introduced into the 
database file. The optional variables of the road type should be excluded because 
collection and preparation of these data from police records are onerous tasks.
On the other hand, an accident analysis system for microcomputers involves an initial 
purchase and training expenditure (Section 2.4). In the case of the Micro-computer 
Accident Analysis by TRL the cost would be between £10 950 and £18 100 (or around 
€16 500 and €27 000), including a single PC licence, configuration to the Portuguese 
accident report form, installation and training (Baguley, 2003). However, it is a simple 
user-friendly data entry package which allows: (a) data validation, security and analysis; 
(b) accident, casualty and vehicle cross tabulations with graphical presentation; (c) road 
accident location displays using digital maps, including Geographic Information 
Systems (GIS). The degree of benefit o f this second option is closely related to the 
accuracy of road accident data location, which is currently quite low in Portugal. Yet, it 
is expected that the implementation of urban road safety strategies will encourage the 
collection of more accurate accident data, including accident location. In addition, an 
accident analysis system also allows all data (existing functional road hierarchy, road 
characteristics and environment, road accidents, and traffic flows) to be linked to a 
single digital map only, which helps the identification o f safety problems (Steps B.4 and 
C.4).
The selection between a database related software and an accident analysis system is 
also dependent on financial, time and staff constraints (Step A.2) and options of how to 
allocate resources (Steps B.2 and C.2) throughout the implementation o f the city-wide 
strategy and area-wide study. However, in this thesis it is suggested that an accident 
analysis system is a good strategic option for data storage, management and analysis.
Previous research shows the need to allow for exposure when using road accident data 
in the identification and prioritisation o f problem sites, routes, areas, and accident types, 
and to detect changes in flow and distribution brought about by changes in factors like
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mobility and economic circumstances (Sections 2.1.1 and 2.3). There is a potential 
value to urban road safety work of an improved national police accident reporting. The 
case study (Chapter 6) is consistent with this. The technique therefore envisages that 
Local Authorities will collect exposure data, in particular traffic flow data and 
pedestrian information (Sections 5.4.1 and 5.6.1). This study has illustrated how limited 
information of these kinds can be collected with modest human, time and material 
resources (Section 6.6.1). However, the fact that resources available for this purpose in 
this study were substantially smaller than would need to be allocated by a city in a full 
application of the technique, and that those vehicle and pedestrian traffic counts that 
could be afforded were carried out at a range of sites in advance of knowing just which 
would be most relevant to interpretation of road accident data, limited the usefulness of 
the exposure data for road safety analysis (Section 6.6.3). It is, therefore, recommended 
that Local Authorities carry out an increasing amount of more localised and question- 
specific collection of flow and turning movement data (including pedestrian flows) 
(Section 5.6.1) than was undertaken in the case study, and do so mainly after 
identification of the functional road hierarchy (which involves looking at the general 
level and mix of traffic, but not precise counts -  Sections 4.2.1, 5.4.3, 5.6.3, 6.4.3 and
6.6.3).
Future research into Portuguese urban road safety and its practical applications (Section 
9.4) must test and further develop techniques for assembling accident and traffic data 
for the area-wide studies, including the high-risk sites within them. This will help the 
diagnosis of current urban road safety problems and support an efficient programme of 
monitoring of effects of road safety engineering schemes, which is beyond the scope of 
the present research study (Section 7.1.3).
7.4.3 Allocation of resources at city-wide and area-wide levels
Cost-benefit analysis cannot yet be used as a rational strategy for funding allocation 
because, in the current stage of knowledge in Portugal, it is difficult to quantify the 
extent of casualty and accident reduction as a result o f implementing road safety 
engineering measures (Section 7.1). In addition, in Portugal, there has been limited 
funding exclusively dedicated to urban road safety (Section 3.2.2). In practice, each 
Local Authority will have to investigate fully the various funding mechanisms in their 
own municipality, although it might be possible to expect some level of national finance
326
Implications of the case study for the proposed diagnostic technique
through Direcgao Geral de Viagao (DGV) as an incentive to Local Authorities to 
implement urban safety strategies (Bettencourt, 2002). It is beyond the scope of this 
study to propose funding mechanisms, therefore they will be accepted as inputs to the 
strategy (Step A.2 - Section 5.2.2).
The proposed diagnostic technique requires a high degree of participation and 
dependency between local as well as regional and national organisations. Therefore, the 
procedure for planning of resource allocation cannot be specified exactly in a single 
way that is relevant to all cases. At the same time, each city will need to identify clearly 
the procedure that is right for its circumstances, because a programme involving a large 
number of still inexperienced organisations cannot afford to abandon tight project 
management. The case study provided key lessons on human, material, time, and thus 
financial requirements of a city-wide strategy (Step B.2) and an area-wide study (Step 
C.2).
Each step might require only a single resource for its completion or might require 
several kinds of resources. It is important to remember that resources are not only 
people, but also places or items necessary to complete the task. A place can be a room 
or a street, while an item can be equipment, such as computer, projector or forms to 
collect road accident data. Table 7.4 sets out the list o f human, material and time 
resources that have been identified as required by a road safety strategy. This is a new 
part of the specification of the diagnostic technique which contributes mainly to Steps
B.2 (City-wide strategy: allocation o f  resources), B.5 (Identification o f  candidate areas 
fo r area-wide study), C.2 (Area-wide studies: allocation o f  resources) and Phase D 
(Investigation o f  relevant schemes).
There are associations between the ways in which human, material and time resources 
are allocated. For example, the human resources required to prepare data depend on the 
software into which it is to be introduced, while the time required to establish contacts 
between institutions depends on the experience of the project management unit and 
previous works (and information) in the city. As the human, material and time 
resources are closely associated they are shown in the same Table.
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Table 7.4 Allocation of human, material and time resources to a city-wide strategy 
and area-wide studies
RESOURCES Additional information
H
Project
management
unit
Should be based with the Local Authority.
Responsible for: planning, directing activities, co-ordinating different organisations 
and public consultation, conflict resolution, reporting to committees, publicity, 
accident analysis, assessment, and dealing with enquires. To create a successful urban 
road safety strategy the role of the traffic management unit is crucial.
Characteristics: well-qualified and motivated leadership with flexible informal 
approach in order to avoid bureaucracy, with strong problem-solving capacities, and 
prepared to provide fast responses and encourage action by other institutions. Create 
conditions for the work to be carried out correctly and efficiently.
Team should include: senior project manager; project engineer; road safety 
___________ professionals, and administration officer and assistants._________________________
Technical Local Authorities should expect to require external technical support whilst
assistance developing their own knowledge enough to carry out safety strategies on their own.
Responsible for: independent assessments, answer to complex issues as special 
circumstances dictate (short-term assistance), and facilitating, advice and training 
(long-term assistance). External help should be kept in proportion in order to avoid 
undermining local capacities, because skills required to deal with external assistance 
may be quite different from the skills required to implement ongoing lasting urban 
road safety programmes.
___________ Team should include: project manager, and road safety professionals.______________
Engineering Local Authority either uses its own work force or appoints consultants, 
functions
Responsible for: data collection and preparation, and dealing with enquiries.
Tgamshguldjncludg: engineer manager, engineers, and technicians.
Data Road accident data: forms for collecting, categorising and coding raw data from 
collection the police station.
Vehicle and pedestrian (flow and movement! data: traffic counting equipment, 
video camera.
______________Other data: video camera.________________________________________________
Data Microcomputer,
preparation Database related software or accident analysis system (Section 7.4.2).
and analysis Digital maps or Geographic Information System (GIS).
Identification of particularly time consuming activities:
•  Recruit new staff and train additional skills (Project management unit and technical assistance)
•  Establish links among professionals and publicity (Project management unit and technical 
assistance!:
•  Decisions stages, in general (Project management unit, technical assistance and local 
organisations!:
•  Data collection, in particular road accident data, vehicle and pedestrian traffic flow data, road 
environment and characteristics (Engineering functions!:
•  Data preparation, in particular coding and introduction of road accident data into the appropriate 
software and plotting data on maps (Engineering functions!:
•  Data analysis and identification of relevant measures (Project management unit and technical 
assjgtancg).
The collection of required data, along with its preparation, can consume up to two-thirds 
of the human and material resources and take over half of the time allocated to the urban 
road safety strategy (Section 7.3). Careful consideration should therefore be given,
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before resources are committed to data collection and preparation, to the nature of the 
general aspiration for the road safety strategy in the city (Section 5.2.1) and the required 
level of detail of the analyses.
Lasting urban road safety improvements should be an on going, adaptive and, therefore, 
a diverse process, and any framework which attempts to dictate where exactly resources 
should be allocated is flawed. Choices on how to use resources available will depend 
on: (1) level of the funding available; (2) size of the city and number of road accidents; 
(3) previous studies carried out in the city and technology available; (4) opportunity to 
collaborate in other on-going (or forthcoming) engineering programmes; and (5) 
political pressure. However, the activity of assigning resources to steps is important to 
increase the accountability for the completion of the steps, to track costs of the work, 
and to follow the progress of the safety strategy.
7.4.4 Data analysis at city-wide and area-wide levels
Analysis of accident occurrence at city-wide level is likely to be slightly more limited 
than was initially anticipated (Step B.3 - Section 5.4.3) due to the inexact location of 
accidents (Section 7.3.3).
At least in the initial stages of implementing urban road safety strategies, it is expected 
that, for purposes of in-depth investigation of police-reported accidents, main roads and 
local distributor roads (Table 5.4) may have to be merged into a single class. As in 
Almada, this is due to the lack of information on whether accidents occurred on links or 
at junctions and police officers’ perception of main roads and local distributors (Figure 
6.12).
Since historical information on traffic flows and nature of sites possibly will not be 
available (Sections 6.4.1 and 6.6.1), in practice it might have to be accepted that in the 
first years of implementation of the methodology of diagnosis, at least at city-wide 
level, it will need to be carried out mainly on the basis of accident totals. The limited 
use of exposure data will probably lead to accident problems being associated mainly 
with sites with large traffic flows. In any case, as Silcock and Smyth (1985) have 
written, “if  our aim is to reduce the overall number of accidents, then it seems 
intuitively sound to concentrate resources on places where they occur most often” (p. 8).
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Local Authorities might be assisted to make the required statistical analyses of accident 
occurrence for themselves (rather than hiring consultants to do so -  Table 7.4) if  there 
were a well-designed user-friendly piece of software for this specific purpose. It is, 
therefore, recommended that future research into this area (Section 9.4) develop a 
computer programme which would enable users with very basic tasks to do analyses 
correctly and simply, whilst offering greater capability to those for whom it is needed. 
It would also need to detect when users were trying to make interpretations that the data 
would not support, and provide good and helpful warning and error messages. 
Systematic development of the range of types o f testing for tables of up to three 
dimensions (Table 6.4) could be a starting point for design of such software. Alternative 
analysis could use a generalised linear modelling analysis package in order to estimate, 
from accident and exposure data, the ratios between risks arising for different kinds of 
road user or in different kinds of location.
7.4.5 Identification of candidate areas for area-wide study
The Almada road safety strategy allows for completion of recommendations on 
identification o f  candidate areas fo r  area-wide study (Step B.5 -  Section 5.4.5).
The identification of areas for area-wide study should be done on the basis of:
a) perceived requirements, as a consequence of the safety problems and 
objectives identified at a city-wide level;
b) broad aims of the local area safety schemes: to improve road safety on main 
traffic routes and in residential areas; and to discourage through traffic in 
residential areas (Section 4.1)
Table 7.5, which sets out criteria to help the identification of areas suitable for area- 
wide study, is an additional feature of the technique, intended to accompany Section 
5.4.5. These criteria are set out in four interrelated groups: (a) technical features; (b) 
social and administrative homogeneity; (c) shape and dimension; and (d) boundaries.
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Table 7.5 Criteria for the identification of areas suitable for area-wide studies
Cfl
1. Accident location. While accident location is still an issue in Portugal, criteria for choosing areas 
for area-wide study must be based on the approximate location o f the accidents. Injury and damage 
accidents should be mapped over the road network by road section on primary distributors, main roads 
and local distributors. An accident map should also indicate the number o f injury and damage 
accidents on each set o f  access roads surrounded by roads belonging to other levels o f the road 
hierarchy (Step B.3 -  Section 5.4.3)..
2. In an area-wide investigation it is difficult to establish nation-wide reaction levels in terms of 
number o f accidents, especially because the number o f accidents in a residential area in Lisbon will be
® different from a residential area in a small city. It should give priority for treatment to: (1) areas with
^  the highest numbers o f  accidents to road users in a given period, either in total or per square
g  kilometre; and (2) areas with a high number of accidents involving vulnerable road users.
d
U 3. In the context o f data limitations, the consideration o f local knowledge (from both local 
z  organisations and the local community) and local perceptions o f  road safety problems are also key
*  elements to contribute to the identification o f  areas for detailed study.
H
4. Analysis o f traffic patterns. Areas should offer a scope for self-contained redistribution o f traffic 
that reduces the number o f points o f conflict between all road users by: ( 1) reducing through traffic in 
residential areas; (2) creating safer conditions for traffic requiring access to residential areas to and 
from main roads; and (3) improving safety on main traffic routes.
5. Analysis o f the functional road hierarchy in relation to the required traffic redistribution (point 4.) 
and the boundaries o f each area (points 11. and 12.). As far as is practicable, it is preferable that any 
traffic redistribution should be confined to the area studied.
Q eH
5  •<! w
^  u  6. Community coherence and lying wholly within the same Freguesia (administrative division) may
U Z 2  help scheme acceptance and the consultation process.
O 53
Q  93
7. Any geometric shape may arise, but areas with generally convex boundaries are more likely to meet 
other requirements.
P £ z o
■«! 55 8. The size o f the areas is variable. In practical terms, the maximum size that is possible to study is 
S  S  two to four square kilometres; a minimum limit can be a fraction o f a square kilometre, providing that 
<3 S  there are alternative routes for traffic using the area.
*  -  co Q
9. The practicable size is also related to budget and other resources available (Sections 5.5 and 7.4.3).
10. Major road traffic routes, railways, and natural features such as rivers and large open spaces often 
form good boundaries (Section 4.2.2).
11. A local area should also include major traffic roads on its border, in order for the resulting strategy 
to provide for traffic to and from residential areas to enter and leave the main traffic routes more 
safely.
Location of accidents on access roads, even when it is not accurate, is crucial to help the 
identification of where traffic is taking short cuts and is having problems in reaching its 
destination safely. In other words, unless Local Authorities know what is happening on
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roads without through traffic functions, they will not be able established which areas 
need closer review.
The identification of relevant areas for area-wide study must rely on subjective 
appraisal, not only the engineer’s own but also very likely those of other professional 
groups. Making a final judgement is, however, not easy and must rely on an 
interpretative process based upon the factors shown in Table 7.5, and on experience and 
some intuition.
Once local areas have been identified and ranked, their choice is the responsibility of 
elected members and may be related with other urban policies (Section 5.5).
7.5 CONCLUSIONS
The proposed diagnostic technique applicable to Portuguese urban areas (Chapter 5), 
which was developed against the background of the current Portuguese urban road 
safety situation (Chapter 3) and of the existing methods and techniques of urban road 
safety in Britain and other countries (Chapters 2 and 4), has been assessed and revised 
in this chapter in the light of the experience of the case study (Chapter 6).
An assessment matrix was designed that made it possible to appraise the degree to 
which the objectives of the Almada strategy were achieved. The strategy aimed to 
diagnose road and traffic accidents in the city, based on the principles of economic 
viability, equity and continuity (Section 2.2.7). At the current level of knowledge in 
Portugal, it is not possible to quantify the extent of the casualty and accident reduction 
that could be achieved by pursuing safety objectives; thus the economic viability cannot 
yet be adequately estimated. In order to test its capacity to provide lasting equitable 
solutions, a strategy that offers prima facie the prospect of substantial accident and 
casualty reduction needs to be assessed in terms of: (1) organisational structure; (2) 
public consultation; (3) modus operandi; and (4) learning from experience.
The results have shown that it is possible to diagnose road accidents in a city using the 
proposed diagnostic technique described in Chapter 5, and, therefore, there is a real 
prospect of achieving a methodology that is applicable in the current Portuguese context
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and capable of progressive refinement. The case study also offers clear evidence that 
non-technical factors are of great importance to the diagnostic technique to be 
recommended. In Portugal, access to and collection of road accident data in order to 
locate accidents has been recognised as laborious and time consuming. Findings also 
suggest the possibility of an underreporting problem in road accident data as well as a 
certain degree of inaccuracy. There is little exposure data available at city level. Efforts 
to establish essential links among professional groups within the Local Authorities and 
other organisations need to be made at an early stage because the communication 
channels for these issues have not yet been created and therefore the process may be 
rather slow. The initiative in Almada indicates that many urban accidents, including 
those involving pedestrians, occur partly from deficiencies in the road network and in 
traffic management. For example there is lack of adequate space for pedestrians due to 
illegal parking on the footways (Figure 6.10). It is apparent from the case study that as 
part of the urban road safety strategy high-risk sites and route sections should be 
identified and treated at an early stage. Also, that to deal with road accidents within 
residential areas, the area-wide studies should try to identify a safety-oriented functional 
road hierarchy. Road safety engineering schemes should encourage safer use of all 
roads by all kinds of road user, directing most traffic onto roads with through traffic 
functions and contributing to safer road user behaviour (Section 2.1.3)
The Almada safety strategy offers the prospect of a breakthrough in urban road safety 
programmes in Portugal. Gauging the full potential impact of the programme is 
difficult, but it is clear that:
(a) it has allowed the diagnosis of road safety problems with limited material and 
human resources;
(b) there is some evidence that it has contributed to increasing decision-makers’ 
levels of awareness and concerns about road safety; and
(c) it has shown the value of the proposed methodology.
The elements of success and perceived problems in this pilot application (Chapter 6 and 
Section 7.3) have been used in the refinement of the initial proposal (Chapter 5 and 
section 7.4).
Given the magnitude of the safety problem in Portugal (Chapter 3), it is necessary that 
experience gained in the case study in Almada does not remain as a simple
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demonstration that is never repeated. The methodology should be replicated in other 
cities, and safety schemes should be implemented in Almada and elsewhere and 
monitored in order to assess the effects on accident occurrence and traffic patterns of 
road safety measures in Portuguese urban areas. For that reason, the next chapter 
presents the amended methodology recommended to be applied in Portugal.
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8 THE RECOMMENDED DIAGNOSTIC TECHNIQUE
Whereas Chapter 5 explains the initially proposed methodology, and Chapter 7 describes 
how it needed to be modified on the basis of the experience gained by its application in the 
Portuguese city of Almada (Chapter 6), this chapter describes the methodology for 
systematic diagnosis of road accidents as recommended for the application in Portuguese 
urban areas. This chapter also discusses how national guidelines would contribute to 
encouraging Portuguese Local Authorities to develop urban road safety strategies in their 
cities.
Section 8.1 outlines the diagnosis technique which needs to be followed to implement 
urban road safety strategies and stresses the importance of their assessment within a 
consistent framework. This section is not self-contained and requires extended explanations 
from Chapters 5 and 7. Section 8.2 describes procedures to motivate Local Authorities to 
fulfil their (currently not statutory) responsibilities for urban road safety. The final section 
provides a brief summary.
8.1 OUTLINE OF THE RECOMMENDED DIAGNOSTIC TECHNIQUE FOR 
PORTUGAL
The initial diagnostic technique, which has been described partly in the form of a simple 
diagram (Figure 5.1) and partly through descriptions of its stages and steps (Sections 5.1 to 
5.8), has been revised in order to incorporate results from the case study in Almada 
(Chapter 6). The case study has demonstrated that the identified stages and steps have been 
logged in an appropriate way, both for co-ordinating work with different organisations and 
carrying out the activities (Section 7.3). However, experience gained during the pilot 
application was used to rewrite some steps (Section 7.4.2) and to complete others (Sections 
7.4.1; 7.4.4 and 7.4.5). The steps that had been left to emerge from the application of the 
methodology to the Portuguese city of Almada have also been documented (Section 7.4.3).
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The complexity of urban road safety programmes (due to the diversity of inter-related 
urban problems and the number of professionals involved), together with the lack of 
experience on the part of Local Authorities, makes it valuable to depict the relationship 
among all technical and non-technical issues within the framework and the organisational 
structure (Section 7.1.1) that is required to carry out the diagnosis of urban road accidents 
in Portugal successfully. This has led to the development of a new comprehensive format 
illustrating the methodology for diagnosis of urban road accident occurrence (Figure 8.1). 
For completeness, although beyond the scope o f this research project, the same diagram 
shows the activities subsequent to the diagnosis: choice o f suitable schemes (Section 5.9) 
and their implementation and monitoring (Section 5.10).
Figure 8.1 outlines the hierarchical structure of the activities belonging to the diagnosis 
technique. As in Figure 5.1, activities are organised into groups representing four distinct 
phases (A. policy context, B. city-wide strategy, C. area-wide study, and D. investigation o f  
measures) and three decision stages (decision to develop a safety strategy, adoption o f city- 
wide strategy and selection o f  areas fo r  detailed study, and acceptance o f problems 
identified and objectives set). Each step, phase and decision stage is identified by a name 
and the corresponding outline code (for example: the code of the step establishment o f  links 
among professional groups is A.3) which indicates the activity’s position within the 
outlined hierarchy. To avoid unnecessary repetition the flowchart refers to Chapters 5 and 7 
for extended explanations on the activities. References to Chapter 7 indicate where the 
technique has been adapted in the light of the Almada case study. Activities are listed in the 
approximate order in which they should be executed and the links between them show the 
dependencies between tasks that determine their sequence, although some steps can overlap 
in order to keep to schedules and optimise resources (Sections 7.1.3 and 7.3.3). When a task 
is linked to more than just a single predecessor and successor, this is also referred to in the 
flowchart. Each activity has been assigned to the organisation responsible for its execution 
and additional information about the organisational roles is found in earlier chapters of this 
thesis. The flowchart has been designed to make the list of activities easier to follow, to 
show responsibilities and roles, and thus, to provide an overview of the technique to 
facilitate its management.
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Figure 8.1 Flowchart illustrating the policy context and methodology for diagnosis of 
urban road accident occurrence in Portugal, which incorporates findings of 
the case study. Shaded steps form the diagnosis stage in the development of 
an urban road safety strategy.
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As explained above, the diagnostic technique, which is summarised in a fresh 
comprehensive format in Figure 8.1, can only be completely understood with the help of 
extended explanations. These explanations, which include descriptions, advice, checklists 
and examples, are the key to realising the flexibility of the diagnostic technique, which 
ensures that it can take account of different cities’ individual urban characteristics, 
priorities and policies immediately and in the long-term.
The diagnostic technique has been conceived to provide a way of thinking (methodology) 
about urban road safety problems and also a set of procedures (methods and techniques) 
needed by Local Authorities who are about to embark on their early urban road safety 
strategies and who want to find solutions which not only decrease the number and severity 
of road accidents, but also promote equity between road users and different parts of the 
urban area, community participation, and recognition of other urban policies (Section 3.4). 
The timescales over which urban road safety strategies will become more fully developed 
and incorporate other matters of urban concern, such as environmental and security issues, 
will vary depending on resources available and local policies (Section 5.1). Since urban 
safety strategies are evolving processes which require regular reviewing and updating, 
Local Authorities are encouraged to ascertain whether the diagnostic technique is having 
the desired effects by assessing it against a coherent framework (Sections 7.1 and 7.2).
Whilst it is not yet possible to set accident and casualty targets in Portugal (Sections 4.3,
7.1 and 7.2), this diagnostic technique provides a sense of vision of where each Local 
Authority and the central government want to go with urban safety programmes within the 
wider context of transport policies and of other urban policies.
8.2 TOWARDS IMPLEMENTATION OF STRATEGIES: POTENTIAL FOR 
GUIDELINES
Urban road safety is an issue which Local Authorities are expected to address in relation to 
the concerns of their areas but with nation-wide scope and implications (Section 2.6). It is, 
therefore, crucial to take a strategic look at how an increasing proportion of Local 
Authorities can be supported and stimulated to adopt the methodology for diagnosis of
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urban road accidents in their cities. This strategic look needs to go far beyond recognising 
and describing what is perceived to be missing from a simple checklist.
The importance of influencing Local Authorities to change their attitudes towards urban 
road safety issues has already been recognised in Portugal (Figure 3.6). In addition to the 
fact that urban roads are mainly owned and maintained by Local Authorities (Section
3.3.3), there are three main reasons why the Local Authorities have a key role to play. First, 
they are able to take account of differences between cities (including unequal human and 
financial resources), which are sometimes difficult to appreciate at national level. Secondly, 
they have greater awareness and understanding of specific local needs and more accurate 
assessment of local impact of strategies and road safety measures than does central 
government. Finally, they have more opportunities to place emphasis on consultation and to 
co-ordinate different local organisations and thus conciliate their interests.
Development of urban road safety strategies in other Portuguese urban areas might not be 
straightforward. Even after the diagnostic technique has been systematically and 
comprehensively described (Section 8.1), it is necessary to disseminate it, strengthen the 
organisations involved, in particular Local Authorities, and find sources of technical, 
institutional, economic and legal support. The distribution to Local Authorities of national 
guidelines, which the Local Authorities themselves will have taken part in creating, can 
contribute to the enhancement of their functioning in the local, regional and national 
interests.
These guidelines should have at their core the methodology outlined in Section 8.1, 
together with commentary and discussion from Chapters 5 and 7. If they were designed to 
be applied critically and reasonably in order to avoid the risk of imposing procedures that 
do not respect the wide range of possible Portuguese urban contexts and policies, they 
would:
• encourage the use of a systematic approach, which promotes equity between Local 
Authorities, and thus creates more willingness to co-operate and to disseminate 
lessons;
• endorse an understanding of the scope for development of urban safety schemes 
which will in turn generate better opportunities for funding and encourage the
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exploration of possibilities for co-operating with other urban policies, in particular 
transport strategies;
• safeguard nationwide objectives: ensuring that major national objectives are 
achieved throughout the country while encouraging diversity and flexibility in the 
implementation and harmonious exchange of ideas and experiences between 
organisations;
• create procedures for resolving conflicts: stimulating the co-ordination of the 
formulation and implementation of policies, and enabling conflicts and 
inconsistencies between policies to be identified and reconciled. One example is to 
rectify the absence of a legal framework that supports the implementation of road 
engineering measures (Sections 3.2.2 and 5.8.1).
Associgao Nacional de Municipios Portugueses (ANMP), the Portuguese Local Authority 
Association, and Direcgao Geral das Autarquias Locais (DGAL), the governmental 
directorate for Local Authorities, may take an important role in informing the central 
government about local preferences and can help to co-ordinate urban policies of different 
tiers of government by taking an active part in the preparation of the national guidelines.
More widespread development of urban road safety strategies and syntheses of the 
knowledge gained will lead to quicker results and create a favourable institutional 
environment for the development of partnerships.
8.3 CONCLUSIONS
The development of the diagnostic technique (Section 8.1) illustrates the relationship 
between the research described in this thesis and practice, thus placing it in a position of 
being able to be used to publicise results and to give guidance for future urban road safety 
strategies.
The recommended diagnostic technique suggests a methodology and a set of procedures to 
identify urban road safety problems and set safety objectives that support the physical 
modification of the roads and road environment by pursuing safety for all urban road users 
including vulnerable ones. The final objective of all these actions is to contribute to 
improving urban road safety in Portugal. In addition to changes in the road environment, 
the relationship between different professionals dealing with the issue within the Local
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Authority, and between local institutions and the local community has also been carefully 
addressed. It must be expected that significant differences between Portuguese cities will 
naturally lead to different choices regarding specific road safety schemes, which have to be 
decided by elected members after public consultation.
Given the restricted capacity of the Portuguese Government to improve urban road safety 
directly, which until now has not been a routine within urban policies, it is recommended 
that national guidelines are prepared to encourage, guide and support Local Authorities to 
proliferate urban road safety strategies in Portugal. The way the recommended diagnostic 
technique was conceived will allow Local Authorities to adopt new procedures and 
promote more accurate analysis as experience is gained. Guidelines, if produced in an 
adaptable form, have the potential to be a source of best practice for the future. In addition 
to the presentation of the methodology for systematic diagnosis of road accidents in urban 
areas in Portugal, the guidelines should encourage urban road safety to be treated as a key 
transport and urban problem, giving high priority to changing the road and the road 
environment by applying principles and road safety engineering measures that provide 
lastingly safer roads for all road users.
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9 CONCLUSIONS AND RECOMMENDATIONS
This chapter summarises the main achievements of the research and discusses possible 
further research areas for which this study can be used as a basis.
Section 9.1 recapitulates the research. Section 9.2 assesses the extent to which the 
research objectives initially established have been met, and Section 9.3 discusses the 
key findings for each of the steps outlined in Section 1.2. Section 9.4 suggests further 
research following the achievements of this work, and the concluding section presents 
some final remarks.
9.1 REVIEW OF THE RESEARCH
Clearly, if  urban road safety practice in Portugal does not change, the problems that are 
already apparent (Section 3.1) could worsen as time passes as a result o f the increased 
number of vehicles inside cities.
If accidents and casualties in Portuguese urban areas are to be reduced, Local 
Authorities, which do not have statutory responsibility for road safety and do not yet 
address the problem systematically, need to have a clear understanding of road accident 
patterns in their cities and be motivated to tackle the problem.
This research represents an effort in that direction. It has looked at the current 
Portuguese urban road safety situation and at existing methods and techniques for 
improving urban road safety in Britain and other countries with the objective of 
selecting the best approach that can be adopted in Portugal. Ultimately, its aim is the 
provision of a realistic methodology to diagnose urban accident occurrence, capable of 
immediately assisting Portuguese Local Authorities in the implementation of road safety 
engineering measures. The case study, which is the first city-wide road safety strategy 
prepared for a Portuguese city, has been used to test the applicability o f the 
methodology in practice and to refine the proposed methodology.
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9.2 MEETING THE OBJECTIVES OF THE RESEARCH
The general aim of this research, defined in Section 1.2, is to contribute to the 
improvement of road safety in urban areas in Portugal. That section also discusses the 
main objective of the work: to develop a methodology for Local Authorities to use 
which, whilst making good use of the limited human and financial resources allocated to 
road safety, systematically diagnoses the problem of accidents in urban areas and 
supports the appropriate implementation of road safety engineering measures. The 
appraisal of the case study, which has been carried out in a Portuguese city using this 
methodology, constitutes evidence that these general goals were achieved (Chapter 7).
However, it is necessary to consider whether the specific objectives also defined in 
Section 1.2 were satisfactorily met. These objectives are as follows: 1) to review the 
existing methods and techniques of urban road safety in Britain and other countries; 2) 
to review the current context of urban road safety in Portugal; 3) to develop a 
methodology for systematic diagnosis for urban road accidents which consists of a 
critical and selective adaptation of methods from elsewhere to the Portuguese situation; 
4) to test the applicability of the methodology in practice through a case-study in a 
Portuguese city; 5) to summarise lessons learned from the case study in Portugal and re­
evaluate the initial proposed methodology; and, 6) to present the enhanced methodology 
which accommodates the results of the analysis o f the case study. The ways in which 
the objectives have been met in the study are summarised in the remainder of this 
section.
Cross-cultural learning has been identified as having had a significant impact in the 
improvement of urban road safety. Analyses of effective practices applied in Britain, the 
Netherlands, Denmark, France, Ireland, New Zealand and Australia to manage the 
complex relationships between the life of the city, road users (pedestrians, cyclists, 
motorcyclists, public transport users and users of other vehicles) and the road 
environment, as well as the understanding of parameters influencing the implementation 
of effective urban road safety actions in countries such as Spain, Italy, Greece and 
Poland, have met the first objective by establishing the factors that have contributed to 
the success of road safety engineering accident reduction programmes. These factors 
are described in more detail in Section 9.3.1.
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The second objective has also been successfully met. Human, road environment and 
vehicle factors seem to be insufficient to explain the current urban road safety context in 
Portugal. To understand this situation it has been found important to take into account 
other factors, including technical, enforcement, institutional, cultural and social aspects. 
These issues are also discussed in Section 9.3.1.
The current Portuguese urban road safety situation, discussed in the preceding 
paragraph, provides the basis for innovative procedures (methods and techniques) to be 
implemented within the proposed methodology (Section 9.3.2). Thus, the third 
objective has been successfully met.
The methodology developed in this research needed to be tested in practice in order to 
gain depth in the understanding of some of its steps and to modify the initially proposed 
framework where necessary. The fourth objective has been met with the preparation and 
development of the first city-wide safety strategy in a Portuguese city (Section 9.3.3).
One of the problems identified in seeking to assess the urban safety strategy developed 
in Almada is that, in the current state of knowledge in Portugal, it is difficult to quantify 
the extent of accident and casualty reduction that could be achieved by pursuing the 
safety objectives identified. It was, therefore, necessary to develop an assessment 
approach that also takes into account other factors behind the success of the proposed 
methodology (Section 9.3.4). By applying a suitable assessment matrix to judge the 
success of the urban road safety strategy developed for Almada, lessons were learnt and 
used in the refinement of the initially proposed methodology. As a result, the fifth 
objective was successfully addressed in respects other than the quantification of likely 
accident and casualty reduction.
Finally, the last objective has been met in the description of methodology as 
recommended to be applied in Portugal. It is considered that this methodology can be 
implemented in any Portuguese urban area (see Glossary) to assist the sustained 
improvement of safety for all road users. Notwithstanding the limitations in the case 
study, this research suggests that, given the seriousness of the current Portuguese urban 
road safety situation, the proposed methodology should be applied, but initially in its 
basic version because of current data constraints, lack of resources including traffic 
engineering professionals, and lack of practical institutional support. Moreover, within
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the urban strategies, priority should be given to reducing clustered accidents by the 
identification, assessment and treatment of high-risk sites (Sections 2.2.2, 2.3, 3.4, 4.1, 
5.6 and 7.3.3), followed, with the progressive implementation of the methodology, by 
gradually increasing efforts to reduce also the more scattered accidents.
9.3 KEY FINDINGS
In order to develop a realistic tool which Portuguese Local Authorities can adopt 
immediately to diagnose accident occurrence and support implementation o f road safety 
engineering measures, this research was structured as a four-step path: to review the 
existing situation, to develop the proposed methodology, to test the methodology in 
practice with a case study carried out in a Portuguese city, and to systematically analyse 
the knowledge gained from the case study in order to refine the initially proposed 
methodology. The next four subsections summarise the findings related to these steps, 
as achieved in the course of this research.
9.3.1 Urban road safety: review of current situation
The primary aim of this work is to help Local Authorities to improve the road safety as 
part of the environment in their cities. It has been identified that a variety o f knowledge 
and skills are required for the successful implementation of urban road safety 
improvements (Chapter 2). A review of the existing methods and techniques for 
improving urban road safety in Britain, the Netherlands, Denmark, France, Ireland, New 
Zealand and Australia, including education, training, publicity, enforcement, and in 
particular engineering actions, discussed their characteristics by focusing on different 
countries in different periods over the last 50 years. Some o f these countries during 
particular periods have created new approaches and subsequently influenced other 
countries. They have also been a source of inspiration for Spain, Italy, Greece and 
Poland, to deal better with their more recent rapid mobility growth and to establish road 
safety programmes. Urban road safety has not made its advance through the discovery 
of a single philosophy which phenomenally decreases the number o f accidents and their 
severity. On the contrary, it has evolved into a “science” of considerable complexity -  
incorporating skills from many fields, such as engineering, urban planning, psychology, 
economics and statistics. This study is not concerned with adding to knowledge in other
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disciplines; instead, it aims to contribute to knowledge by showing how to make good 
use of the variety of disciplines to support urban road safety programmes, in particular 
the implementation of road safety engineering measures, in current conditions in 
Portugal.
In Portugal, it has already been recognised how difficult it is to appreciate the real 
nature of the urban road safety problem, especially when there is lack of data and the 
appropriate modes of thought (methodologies) do not exist or have still to be created. 
When institutional, technical, educational, cultural and social insights are applied in the 
analysis of the urban road safety context in Portugal, they naturally lead to conclusions 
other than those reached by just considering the three contributory factors: human, road 
environment and vehicle (Chapter 3). The rapid urbanisation process and increase in the 
number of motorised vehicles, together with urban and transport planners’ automobile- 
oriented options, has profoundly changed the conditions of traffic circulation within 
Portuguese cities. It has also been found that Local Authorities will not be able to 
improve urban road safety without recognising urban road accidents as an important 
urban problem and being provided with methodological assistance. Changes in the 
technical approach by acknowledging the importance of the built environment in the 
current urban road safety situation can lay emphasis on institutional dialogue and 
encourage political will to improve urban road safety.
As a general rule methodologies are not to be multiplied beyond what is necessary. 
Therefore, since the urban safety management (USM) approach has proved to be 
economically viable and able to provide equitable long lasting solutions and it has been 
considered necessary to “ensure (road) safety has a high priority in urban development 
programmes” (European Commission DG VII, 2000, p.4), it has been selected as a 
suitable platform on which the proposed methodology could be built. No firm facts were 
identified which would suggest otherwise, provided that full account is taken of current 
circumstances in Portuguese cities when applying USM there. Moreover, the possibility 
o f applying the USM approach in countries with similar urban safety contexts to 
Portugal has been verified by previous research projects (Section 3.4). USM has the 
advantage of being a systematic approach to road accident prevention and casualty 
reduction in urban areas that tackles scattered accidents as well as clustered ones in both 
residential and busier areas. In addition, USM appears as a dynamic process that 
incorporates all aspects of road safety engineering including treatment of high-risk sites,
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together with other kinds of action affecting road safety, and rests on a foundation of 
public participation and the consideration of other urban policies (Chapter 4).
9.3.2 Diagnosis of urban road accidents in Portugal: a methodology
Knowledge of the urban road safety background (Section 9.3.1), including methods and 
techniques applied in Britain and other countries, and the Portuguese scarcity of 
resources and lack of information, shaped the initial methodology. Fundamentally, the 
refined methodology is the same in outline as in the initial proposal (Chapter 5), with 
improvements in the methods and techniques in the light of the experience gained 
during the case study in Almada.
A comprehensive summary description of the proposed methodology for systematic 
diagnosis of urban accidents in Portugal has been provided in Chapter 8 with cross- 
references to greater detail in earlier chapters. The framework, which has been 
presented in the form of a simple phased diagram and a detailed description o f its 
activities, is technically comprehensive and explicitly addresses non-technical issues, 
such as policy context, decision-making processes, institutional and local community 
participation, and allocation of resources. Institutional structure and functioning in 
Portugal differ from those in Britain and other countries (Section 9.3.1), requiring 
different methods and techniques to tackle technical and non-technical urban road safety 
issues; data, resources and technological limitations give rise to additional differences.
Required fundamental improvements in data collection and management systems are 
suggested (Sections 7.4.2 and 9.4). However, under current Portuguese constraints, a 
new scheme for extracting urban road accident data from the records currently 
assembled and held by the local police and the Direcgao Geral de Viagao (DGV) has 
been designed. Methods for storing and plotting data, in particular road accident data, 
which suit currently available technologies, have been created.
Following the design of methods to gather and prepare data, new techniques for data 
analysis suitable for Portuguese current circumstances have also been considered. 
Advice on data analysis is presented, in particular on how and when to: a) collect road 
accident data, which has been organised in a list of questions that should be posed both 
at a city-wide and area-wide levels; b) use injury and damage-only accident data; c)
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consider gaps in the road accident data; d) collect vehicle flow data, pedestrian 
information, and road user demographic characteristics, in particular age distribution; e) 
classify urban roads in a functional hierarchy specifically designed for the Portuguese 
urban context; f) join in a single class various levels of the road hierarchy in appropriate 
circumstances; g) choose areas for detailed study; h) gradually incorporate analysis of 
further aspects, such as environmental impacts and personal security; and i) choose road 
safety engineering countermeasures suitable to Portuguese urban areas.
It has been found that at a city-wide level, where the lack and inaccuracy of data are 
more onerous to deal with than at an area-wide level, safety problems and objectives 
may be identified only with higher degree of uncertainty. Public organisations and the 
local community have a key role to play as they may help to supplement data analysis, 
although at the current stage of practice the involvement of the local community is not 
considered a high priority.
The proposed methodology aims to both encourage and empower Local Authorities. It 
can encourage because, independently of the institutional structure and the level of 
experience in the area of road safety, and with the available resources and data, it offers 
a clear way forward. It can empower because it hands the initiative to local 
organisations, in particular Local Authorities. It shows that Local Authorities have the 
potential to improve urban road safety and they neither need to nor should lean 
exclusively on external assistance. Expertise can be built up inside the Local 
Authorities, which can gradually learn to trust their own ability to decide, together with 
other local organisations and the community, what are the right road safety engineering 
measures to be implemented in their cities, provided that they pay attention to the three 
principles - economic viability, equity and continuity (Sections 2.2.7 and 3.4). The 
approach adopted in the conception of the framework allows it to work like a guide to 
map-reading, letting each Local Authority to choose its own routes.
Although it has been found that external technical assistance will be required by Local 
Authorities, in particular for initial development of urban road safety strategies, 
clarification of its role is important for the benefit of external technical assistants and 
Local Authorities alike. This should be to: a) explain clearly the principles of the 
proposed methodology and how it should be applied; b) identify, in any particular city, 
specific problems in the application of the methodology; c) find ways of resolving
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problems that arise; and d) identify options for further enhancement of the urban road 
safety strategy. The external assistance should show Local Authorities the technical 
hows and whys of proper urban road safety strategy work and leave the application of 
the proposed methodology to them.
Since urban road safety is an issue with national scope and, given the importance of 
setting research-based road safety targets, a need has been identified to consider at 
national level the design of road safety strategies. Chapter 8 has suggested how national 
guidelines can inspire and motivate Local Authorities could be produced using the 
proposed methodology. They can help national organisations to: a) provide the country 
with a sense of direction; b) accept responsibility for guiding and leading regional and 
local institutions; and c) promote exchange of experiences and knowledge between 
cities.
The value of the methodology described lies in its ability to generate action at local, 
regional and national levels. In order to develop it, four main points have been 
considered: a) the need to discover the precise condition of Portuguese urban road 
safety; b) the complexity and variability o f the urban road safety phenomenon; c) the 
belief that Local Authorities can, and should, take active roles in responding to 
problematic situations regarding urban road safety; and d) the interrelationship between 
urban road safety conditions, urban road safety strategies, and number of road accidents 
and casualties.
9.3.3 Urban road safety strategy: the Portuguese city of Almada
Chapter 6 reports a stage in the development of a methodology for the systematic 
diagnosis of road accidents in Portuguese urban areas. This stage entailed the use of the 
initially proposed methodology in the first city-wide road safety strategy carried out in a 
Portuguese city -  the city of Almada.
The process for developing an Almada safety strategy consisted o f three steps: 
assembling data in-situ; data analysis (definition of the functional hierarchy, 
identification of vulnerable road users’ network, and in-depth investigation of over 
1 000 police-reported accidents in Almada over a one-year period); and identification of 
safety problems (Section 6.4.3) and objectives (Section 6.4.4). The safety objectives for
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the city were identified as being to improve safety for elderly pedestrians, in particular 
on primary distributors and main roads, and to reduce the number of: 1) pedestrians 
injured; 2) motorcyclists injured; 3) accidents involving parked vehicles, in particular on 
main roads, local distributors and access roads; 4) accidents on primary distributors, 
especially those involving motorcyclists; and 5) accidents involving drivers aged 24 
years and under, in particular motorcycle riders.
The results of these analyses were then used in an area-wide assessment that was made 
in the Cova da Piedade area, which was chosen from three candidate areas. A common 
rationale to the city-wide strategy was followed to identify problems (Section 6.6.3) and 
set objectives (Section 6.6.4), although the nature and extent of the data required were 
greater (interpreting more than 300 road accidents over a two-year period with more 
specific attention applied to each accident location) and therefore further analyses were 
carried out. It was suggested to concentrate efforts to improve safety: 1) on the primary 
distributor in the area, in particular for pedestrians and motorcyclists; and 2) for elderly 
pedestrians; as well as to reduce the number of: a) accidents on main routes - three were 
particularly identified; b) pedestrians injured - especially on the primary distributor and 
two main routes; c) motorcyclists injured - in particular on the primary distributor and 
one main road; d) accidents involving drivers aged 24 years and under - in particular 
motorcyclists; e) accidents involving parked vehicles on main roads and local 
distributors; and f) accidents involving turning vehicles - in particular at two problem 
junctions. Engineering measures were proposed with the view to solving the problems 
identified (Section 6.8.1).
The case study has offered clear evidence that non-technical factors are of great 
importance to the diagnostic technique to be recommended. In Portugal, access to and 
collection of data, namely road accident data, in order to locate accidents has been 
recognised as laborious and time consuming. Findings also suggest the possibility of an 
underreporting problem in road accident data as well as a certain degree of inaccuracy 
in the current reporting system and the potential value of introducing an improved 
police system (Sections 7.4.2 and 9.4). There are little exposure data available, in 
particular at city level. Almada*s case study suggests that, within urban road safety 
strategies, Local Authorities should be encouraged to address initially the high-risk 
locations which provides a proven means of solving road accident problems and saving 
lives quickly (Sections 2.2.2, 2.3, 3.4, 4.1, 5.6 and 7.3.3). However, as many Portuguese
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urban roads perform several conflicting functions, often carrying high volumes of traffic 
and supporting high levels of pedestrian activities, they offer poor-quality environments 
where road users, including vulnerable road users, are injured and feel threatened by the 
dominance of traffic (Sections 3.1, 3.2.1, 3.3.1 and Chapter 6). Therefore, methods and 
remedial measures for managing traffic flows are also of considerable importance and 
should be introduced as experience accumulates and data recording systems improve. 
Efforts to establish essential links among professional groups within the Local 
Authorities and other organisations need to be made at quite an early stage because the 
communication channels for these issues have not yet been established and therefore 
initially this process may be rather slow.
9.3.4 Urban road safety strategies in Portugal: assessment
The appraisal of the urban road safety strategy developed in Almada allowed the 
refinement of the initially proposed methodology. As the conventional economic 
analysis cannot yet be applied in Portugal because it is difficult to quantify the extent of 
casualty and accident reduction that can be achieved by implementing road safety 
engineering measures, it was necessary to develop a procedure to assess the extent to 
which the objectives of the case study were achieved. However, monitoring and 
effectiveness evaluation of road safety actions, in particular of implemented road safety 
engineering schemes, should aid to their acceptance, contribute to greater allocation to 
resources to further applications, and inform the continual revision of urban road safety 
strategies. It is therefore recommended that the development of methods of quantified 
evaluation of the effectiveness of the road safety engineering measures implemented 
(Section 9.4) is introduced. This will be facilitated by improvement in the police 
accident recording system.
An extensive analysis of the objectives of the methodology and of all stages of 
diagnosing urban road safety problems led to the identification o f other factors behind 
the success of urban road safety strategies. They were grouped under four headings: 
organisational structure, public consultation, modus operandi, and learning from  
experience. Based on findings of the analysis of these four overlapping sets o f factors, a 
matrix has been designed as a long-term assessment tool which can gauge the success of 
development of urban road safety strategies, and advise on areas that can be enhanced in 
the future.
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The assessment matrix was applied to the urban safety strategy for Almada. The success 
of the case study in a number of respects provides evidence that the proposed diagnostic 
technique can be effective for understanding urban road safety problems in Portuguese 
cities. The application of the assessment matrix to the case study has confirmed its 
research context, reflected in the grade (level one) attained for the modus operandi, 
learning from experience and public consultation sets of factors. The lower level for the 
organisational structure set of factors is also in line with the fact that the Local 
Authority itself has not yet adopted the urban road safety strategy.
Elements of success and perceived problems in developing the strategy of Almada were 
described. Lessons learned from experience with the pilot application were incorporated 
into the initially proposed diagnostic technique (Section 9.3.2).
9.3.5 Concluding remarks
The development of the proposed methodology covered three aspects: to design an 
initial methodology against the background of the current Portuguese urban road safety 
situation and of the existing methods and techniques of urban road safety in Britain and 
other countries (Section 9.3.2); to use a case study, based in Almada, to test the 
applicability of the methodology in practice (Section 9.3.3); and to refine the initial 
proposal in the light of the lessons learned with the case study (Section 9.3.4). Different 
approaches and levels of detail were used in this task. The research confirmed the need 
for Portuguese Local Authorities to have a clear understanding of road accident patterns 
in their cities, if  road accidents and casualties in Portuguese urban areas are to be 
reduced. The findings led to the general conclusion that the proposed methodology has 
the potential to become a valuable tool for improving road safety in different sized 
Portuguese urban areas, with an initial emphasis placed on identification and treatment 
of high-risk sites. It has been developed in a way that should help Local Authorities to 
make early and effective use of the limited human and financial resources allocated to 
road safety, without the need for large-scale technological or institutional structure 
changes. Also, due to the approach adopted in developing the framework, it should 
encourage Local Authorities, as they gain experience, to go further and incorporate 
personal security and environmental analysis. Finally, it can contribute to an 
understanding of the scope for development of urban safety schemes which can in turn
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generate better opportunities for funding, encourage the collection of more accurate 
accident data, and create a basis for the production and distribution of national 
guidelines.
The fact that the diagnostic technique has been developed in Britain has facilitated 
learning from those who have first-hand experience of the urban road safety problem, 
and who have contributed to creating and implementing methods and techniques in that 
country. The fact that the author is Portuguese has facilitated: a) the introduction of the 
new concept to Portuguese national, regional and local organisations and the 
identification of obstacles to overcome; b) the negotiation of the case study in the 
Portuguese city of Almada; c) the conduct of site visits and surveys of local conditions, 
including access to data; and d) the mobilisation of resources. This approach was critical 
in leading to appropriate adaptation, new problem-solving, and long-term relationship 
between professionals in the two countries, which may well prove important in the 
future. The present study offers clear evidence that management skills in the process of 
design and development of the urban road safety strategies are also important. They are 
required from programme design, management, implementation and operation to the 
wider political, economic, cultural and social contexts within which traffic engineers 
have to operate (Chapters 2, 3, 6 and Section 7.3). These issues are by no means unique 
to Portugal and this approach might be of interest to other countries within the European 
Union and elsewhere in the world (Section 9.4).
Finally, the power of this research project lies not only in its tangible outcomes, already 
described, but also in its symbolic value. It can change the status of Portuguese Local 
Authorities from being inexperienced and feeling unskilled to aiming to deliver and 
implement their own safety strategies. For example the Local Authority in Vila Real has 
already shown interest in replicating the methodology in that city. Also, as a 
consequence of the case study developed in Almada, DGV have expressed their interest 
in considering financial support to Local Authorities wishing to develop similar city- 
wide road safety strategies.
A number of remarks are necessary to highlight the limitations of the diagnostic 
technique as it is in the current stage of development.
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The first limitation was related to quality and availability of data concerning road 
accidents and exposure, including vehicle and pedestrian traffic flow. This was due to 
current conditions in Portugal (Chapter 3) and human, time and material resource 
constraints for this particular research project. Lack of accurate and up-to-date data 
resulted in considerable limitations on the choice of methods for data analysis, restricted 
the use of exposure data and made it difficult to draw firm quantitative conclusions from 
the results. It is important to emphasise that methodological problems in this study limit 
interpretations, and therefore conclusions. Yet it might be considered as a launching 
point for further work in the area.
It can be argued that the ideal procedure in a study of this sort would be to follow a 
more modelling-based statistical analysis. Such in-depth analyses would require both 
more accurate available data and greater capacity of the people to make use of the 
sophisticated techniques (Section 7.3) than are likely to be available in Portuguese 
urban areas for some time. Since at Local Authority level virtually nothing has been 
done (Section 3.2) it could take many years for statistically rigorous analysis to be 
applied. Even in countries that are fully developed in urban road safety, “in practice ... 
the criterion for selection of sites at which remedial treatment is to be applied is often 
far from precise” (Maher, 1990, p. 487). The methodology proposed (Chapter 8) has 
therefore intentionally been kept reasonably simple. The extent to which this approach 
is effective remains to be determined and its determination can be suggested as further 
work (Section 9.4).
Although urban road safety measures, like those proposed in the diagnostic technique, 
have been proved to be cost-effective and cost-beneficial in other countries, their 
economic assessment in Portugal has not yet been possible. This is due to the lack of 
knowledge of the effects on accident occurrence and traffic patterns of road safety 
measures in Portuguese urban areas (Sections 7.1 and 7.2). If in fact, like in other 
countries, different schemes were associated with different degrees of accident 
reduction, this would have implications for the recommendation o f remedial treatments 
in the future. However, implementation and monitoring are required before firm advice 
can be given, and even then, further improvement of the advice may well have to wait 
following improved accident recording procedures.
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Having based the proposed diagnostic technique on the current Portuguese urban road 
safety situation, and methods and techniques already tested in Britain and other 
countries, there is no evident reason why, in principle, it should not work for all urban 
areas. However, the case study was only carried out in one Portuguese city - Almada - 
and has only included the first of a number of area-wide studies required under this 
strategy. Wider application is therefore likely to lead to further refinement of the 
technique.
Finally, when implementing an urban road safety strategy, the political environment and 
readiness of local organisations and communities are crucial factors in achieving 
success. The Local Authority of Almada allowed the city of Almada to be used as a case 
study in this research but has not yet adopted an urban road safety strategy. A strategy 
developed by a Local Authority itself would certainly facilitate inter-relationship 
between local organisations, access to data, and make available other resources. 
However, the management capacities of Local Authorities to support the various aspects 
of the diagnostic technique and the consultation techniques required are issues that need 
further examination (Section 9.4).
9.4 RECOMMENDATION AND POSSIBILITIES FOR FUTURE 
RESEARCH
Since road safety is a professional discipline supported by science, there are two 
overlapping levels of future work that should follow this research: research projects and 
practical implementations. If high academic standards aim for accurate, possibly 
modelling based, statistical urban road safety analysis (Sections 2.2 and 2.3), the 
seriousness of the urban road situation in Portugal (Sections 3.1 and 3.2) calls the Local 
Authorities and policy makers to delay no longer in providing advice as far as it is 
currently possible and practicable (although current limitations ought to be recognised). 
The identification of present limitations, based on knowledge gained from the literature 
reviews (Chapters 2 and 3) and the implementation of the proposed methodology 
(Chapters 6 to 8), help to anticipate future needs and to support the definition of short 
and long term research projects and practical programmes. The discussion that follows 
concerns this further work and has two main aims: firstly, possible ways of overcoming
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certain limitations of the work reported in this dissertation; and secondly, extending that 
work.
The first priority is to replicate the present study, preferably with more up-to-date data 
and in a city that envisaged adopting the resulting strategy and would devote sufficient 
resources to enable the proposed methodology to be implemented fully. This, in 
addition to providing an opportunity to confirm the present findings, would reduce some 
of the problems discussed above (Section 9.3.5).
A second line of work is the early implementation and monitoring o f remedial measures 
which could start giving some indications of the relative effect of road safety schemes 
on accident reduction. It should examine whether or not the strategies are cost-effective, 
widening the possible applications of the assessment matrix developed (Section 7.2). It 
is important to assess the effectiveness of implemented measures as a basis for 
correcting schemes if necessary, and for long-term optimisation o f future strategies. 
Monitoring and evaluation of safety engineering measures, in particular the 
quantification of casualty and accident reduction, entails fundamental improvements in 
data collection, including road accident and exposure data (such as traffic flow, road 
characteristics, land use and population), and management systems (Sections 5.4.1,
5.6.1 and 7.4.2). It is, therefore, recommended that more effort and resources are 
assigned to pooling of data on the road safety situation in the short term, and early 
consideration is given to an improved police accident recording system for the longer 
term.
It was noted in the process of data collection and preparation in this work that there are 
specific road accident data limitations in Portugal (Section 7.3.3). The extent of the 
underreporting and inaccuracy of data was not investigated in this research. The 
investigation of such is suggested here both to assist interpretation of current data and as 
an input to development of an improved accident recording system.
In view of the relative novelty and scarcity of comprehensive research and practice in 
urban road safety in Portugal, it is necessary to develop professional staff for road safety 
analysis, progression of schemes through the decision process, implementation, 
monitoring and evaluation. The training can include attendance at short courses and 
should be provided to all those who are involved in the implementation of road safety
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engineering (Sections 2.1 and 5.2.3), with priority to engineers and technical staff and 
operators of databases in Local Authorities, governmental administrators, police 
officers, and to members of road safety councils (Section 3.2). More use could be made 
of the experience of foreign experts (Sections 2.1.5, 2.2 and 2.3). The implementation of 
systematic road safety programmes could also provide an important contribution to 
developing expertise through action at various levels.
In Sections 5.4.4 and 5.6.4, the importance has been acknowledged o f defining clear 
urban road safety objectives as a basis for justifying candidate areas for area-wide 
studies and road safety engineering measures. Due to the current state of knowledge in 
Portugal, the proposed methodology keeps the definition of the objectives non­
quantified. The suggestion for further improvement of the methodology is to quantify 
the safety objectives which should indicate a target for accident or casualty reduction.
Another simplification deliberately adopted in the proposed methodology is related to 
the functional road hierarchy for motor vehicles. As explained in Sections 5.4.3 and 
7.4.4, the mixed functions performed by Portuguese urban highways together with the 
inaccuracies in road accident locations have led to: a) the need to have two sub-groups 
within the primary distributors (with and without frontage access); b) difficulties in 
assigning urban highways a single primary function; and c) the impracticability of 
separating, for analysis purposes, accidents that occurred on main roads and local 
distributor roads. The suggestions are to gradually modify existing land-use patterns and 
road environment in Portuguese cities, and to enhance accuracy and accessibility of the 
road accident database, by providing training and adopting an accident analysis software 
package designed specifically for the purpose.
Road safety analysis for this research has been deliberately simplified due to Local 
Authorities’ lack of experience and limitation of available data (Sections 5.4.3, 5.6.3, 
and 7.4.4). As these two conditions gradually change, the methodology can be 
developed into recommending: 1) geographical plotting of exact accident locations on 
city maps, especially at city-wide level, which will influence the selection of areas for 
detailed study; 2) improving understanding of the factors influencing accident 
distribution within the urban area by enhancing road accident analysis rigorously and 
making more use of exposure data; and 3) developing a computer programme which 
enables Local Authorities with very basic analysis tasks to do analyses by themselves
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(Section 7.4.4). The enhancement of the accuracy and comprehensiveness of the road 
accident and exposure databases, which allow the improvement of road safety analysis 
both at city-wide and area-wide levels, can contribute to improving the understanding of 
the factors contributing to accidents (Sections 2.1.3 and 2.1.4) and identification of road 
safety measures.
The last suggestion regarding a deliberate simplification adopted in the proposed 
methodology is mentioned in Section 5.8. Currently there is no legal framework within 
Portugal that supports the implementation of engineering measures on the highways, 
making it necessary to discount some road safety engineering measures, such as 
chicanes and road humps. This simplification was justified because of the possibility of 
Local Authorities being prosecuted for possible vehicle damage or road user injury. 
However, in order to widen the number of choices, improve accessibility to properties 
and reduce visual impacts of measures in residential areas, it is recommended that the 
legal framework be revised. The preparation and distribution of national guidelines, 
suggested in Section 8.2 as a natural progression of this research, could be associated 
with this legal change.
As anticipated in Sections 7.1 and 7.2, the procedure employed to assess the proposed 
methodology represents an innovation which has not been fully tested. The procedure 
used in this research has allowed the identification of the elements of success and 
perceived problems in Almada in terms of modus operandi and learning from  
experience. This led to the successful refinement o f the initially proposed methodology, 
but the appraisal of the organisational structure and o f the public consultation sets of 
factors were only partially achieved. To a certain extent, this was due to the absence of 
the adoption of an urban road safety strategy by the Local Authority in Almada, and 
therefore its limited involvement in the case study (Section 7.3.1). This shortcoming 
should be overcome in order to allow a more comprehensive judgment from the 
assessment matrix (Section 7.3.5). The methodology should be applied by Local 
Authorities themselves, which should have either their own staff or someone on their 
behalf to carry out the work, and the Local Authorities should assess critically the level 
of performance attained in terms of institutional support, programme management, 
funding mechanisms, and public involvement.
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Further lines of medium to long term recommended activities to be discussed below 
concern acquiring public support for road safety activities, involving local communities, 
and promoting road safety issues (Sections 3.2.5 and 7.3.2). It is also important to 
suggest, in this section, new themes for research, related to, but beyond the scope of, 
this thesis.
As discussed in Chapters 4 and 5, the diagnosis of accident occurrence in urban areas is 
the first and a key stage in an urban road safety strategy. This study proposed a 
methodology for systematic diagnosis of accidents in urban areas in Portugal and for 
completeness referred to three further stages: choice, implementation and monitoring of 
road safety schemes. It is necessary next to propose methods and techniques for the 
current Portuguese context for these remaining stages. This research project represented 
a first step in this direction, but deeper understanding of the practicalities is still needed.
Comprehensive road safety plans for urban areas in Portugal can be generated from the 
integration between road safety engineering measures and other urban road safety 
approaches, such as information, education and training, publicity, enforcement, and 
encouragement (Section 2.1.2), which also contribute to changing road users’ behaviour 
and perceptions (Section 2.1.3). These urban road safety plans, which could be revised 
periodically, could help Local Authorities to focus their objectives and encourage 
responsible behaviour by all road users. This work also would benefit from the 
existence of road accident databases within Local Authorities.
Section 3.1 identifies the factors behind the current urban road safety situation in 
Portugal. In addition to the general urban transport policies and environmental issues, 
other city-wide programmes can contribute to decreasing the number and severity of 
accidents in Portugal, such as the promotion of walking and cycling and the 
improvement of public transport. Further investigation of these areas is, therefore, also 
suggested.
Finally, other countries could also benefit from the knowledge accumulated from the 
approach taken to develop the methodology for systematic diagnosis of road accidents 
in urban areas in Portugal. The use of similar approaches in other countries at similar 
stages of economic development to Portugal would also promote international 
cooperation and facilitate comparison between countries (Sections 2.1.5, 2.6 and 9.3.5).
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9.5 FINAL REMARKS
This study has been designed as a contribution to the improvement of urban road safety 
in Portugal. In recent years, the level of awareness given to this issue in that country has 
increased, but accident rates are still high, in particular when compared with other 
European countries. Local Authorities, which do not have statutory responsibility for 
road accidents, do not address the problem systematically.
The main product of this study is a comprehensive methodology for systematic 
diagnosis of accidents in Portuguese urban areas. The characteristics of the 
methodology raised the issue of how to assess its effectiveness. This research has also 
produced an innovative procedure to assess the various stages of the methodology.
Despite recognition of the unfavourable state of the current Portuguese urban road 
safety context in its various aspects (Chapter 3), and the associated forecast difficulties 
in its enhancement (Chapters 5 and 7); and bearing in mind the foregoing limitations of 
this particular study, the author has consciously adopted an optimistic approach in the 
development and description of this research project. This attitude is justified for two 
main reasons. First the author is positive that the scope and overall character of the 
study will generate further research projects and practical implementations crucial for 
reducing the number and severity of the accidents in Portuguese urban areas (Chapter 8 
and Section 9.4). Second the author hopes to convey to institutions responsible for road 
safety, particularly Local Authorities, the required levels of enthusiasm, involvement 
and persistence that road safety improvement strategies were shown in this case, as well 
as being widely acknowledged in the literature (Chapters 2 and 4), to involve.
With the help of this methodology, which can be adopted immediately, Local 
Authorities can understand the accident patterns in their cities, and also implement road 
safety engineering measures. The review and the analysis presented here serves as a 
starting point for more rigorous laboratory and field testing o f Portuguese urban road 
safety strategies.
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Appendix A. 1
APPENDIX A.1 LIST OF ROAD ACCIDENT VARIABLES IN THE 
SPSS FILE
Chapter 6 has described the scheme for collecting, categorising and processing raw road 
accident data collected from Almada police station. The software for statistical analysis 
SPSS was use for road accident data storage and analysis. This appendix describes the 
layout of the initial input files, variable characteristics and complementary data files. 
The examples given are taken from the analyses at the city-wide level (Chapter 6). The 
same rationale was followed for analyses at the area-wide level.
In the initial data file each row corresponds to an accident and each column is a variable 
describing the accident. Descriptive variables were coded. What differs between the 
accidents are the actual numeric values o f the variables, such as number of police 
reference, location, light or dark, and numbers of vehicles and casualties involved. A 
list of these variables (names, labels and value labels) is provided in Figure A l.l.
For analysis purposes, additional variables were created for all accidents. A list of a few 
examples (location of accident by road hierarchy level, age group of driver 1, age group 
of casualty 1 and periods of the day) is shown in Figure A1.2.
The initial input file (Figures A l.l  and A 1.2) was transformed into other files. In these 
new files, each row corresponds to a driver, a casualty or a vehicle, and each column is 
a variable describing the driver, the casualty or the vehicle, respectively. Figure A 1.3 
shows an example of the syntax, in other words the SPSS code, written to transform the 
initial input file into the different data files. When necessary other auxiliary variables 
were created.
Figure A1.3 shows an example of the SPSS code used to transform the initial road 
accident file (input file) into a road casualty file (output file). In the output file, each 
row corresponds to a casualty involved in an accident in Almada in 1996, and columns 
show each casualty class (such as pedestrians, driver, passenger, and unknown), age
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group (14 and under; 15 to 24; 25 to 64; 65 and over, and unknown), and severity (fatal, 
serious, slight, and unknown), respectively.
Figure A1.1 List of variables in the initial SPSS input file
Name Position / column
PSPREF P.S.P. Reference 1
DAY Day of the month 2
MONTH Month 3
Value Label
1 January
2 February
3 March
4 April
5 May
6 June
7 July
8 August
9 September
10 October
11 November
12 December
YEAR Year (day; month; year) 4
DATE Date 5
HOUR Hour 6
MINUTES Minutes 7
TIME Time (Hour:minute) 8
LIGHT Light condition 9
Value Label
1 light
2 dark
3 Not known
WDAY Day of the week 10
Value Label
1 Sunday
2 Monday
3 Tuesday
4 Wednesday
5 Thursday
6 Friday
7 Saturday
FREG Freguesia 11
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Value Label
1 Almada
2 Cova da Piedade
3 Cacilhas
4 Larajeiro
5 Feij6
6 Pragal
SEVERITY Severity 12
Value Label
0 Injury accident - unknown severity
1 Fatal
2 Serious
3 Slight
4 Material damage only
NCAS No of casualties 13
LOCATION Location 14
JUNCTION Junction
15
Value Label
0 None
1 Multiple
2 T
3 Y
4 Crossing roads
5 Roundabout
6 Other
ROAD1 Road 1 16
R1 SLIM IT Road 1 Speed limit (km I h) 17
R1CHAR Road 1 characteristics 18
Value Label
0 Straight
1 Curve
R1CAWAY Road 1 carriageway 19
Value Label
0 One-way road
1 Single
2 Dual
R1 LANES Road 1 lanes 20
R1CONTRO Road 1 control 21
Value Label
0 Uncontrolled
1 Give way
2 Stop
3 Traffic signal
4 Priority
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R1FACILI Road 1 facilities 22
Value Label
0 None
1 Pedestrian crossing
2 Traffic lights
3 Pedestrians crossing with traffic lights
4 Refuge
ROAD2 Road 2 23
R2SLIMIT Road 2 Speed limit (km / h) 24
R2CHAR Road 2 characteristics 25
R2CAWAY Road 2 carriageway 26
R2LANES Road 2 lanes 27
R2CONTRO Road 2 control 28
R2FACILI Road 2 facilities 29
ROAD3 Road 3 30
R3SLIMIT Road 3 Speed limit (km / h) 31
R3CHAR Road 3 characteristics 32
R3CAWAY Road 3 carriageway 33
R3LANES Road 3 lanes 34
R3CONTRO Road 3 control 35
R3FACILI Road 3 facilities 36
WEATHER Weather 37
Value Label
1 Wet
2 Dry
NVEH No of vehicles 38
VEH1 Vehicle 1 39
Value Label
0 Unknown
1 Pedal cycle
2 Motorcycle
3 Car
4 Taxi
5 Van
6 Lorry
7 Bus
8 Other
;e d i Parked 1 40
Value Label
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0 Moving
1 Parked
VEH2 Vehicle 2 41
PARKED2 Parked 2 42
VEH3 Vehicle 3 43
PARKED3 Parked 3 44
VEH4 Vehicle 4 45
PARKED4 Parked 4 46
VEH5 Vehicle 5 47
PARKED5 Parked 5 48
VEH6 Vehicle 6 49
PARKED6 Parked 6 50
D1AGE Driver 1 - Age 51
D1SEX Driver 1 - Sex 52
Value Label
1 Male
2 Female
D1ALCHO Driver 1 - Alcohol test 53
Value Label
0 No
1 Yes
D1ALRES D1 Alcohol Test Value (g / 1) 54
Value Label
0 Negative
1 Positive
2 Unknown
D1ALVAL D1 - Alcohol test value (g / 1) 55
D2AGE Driver 2 -  Age 56
D2SEX Driver 2 - Sex 57
D2ALCHO Driver 2 - Alcohol test 58
D2ALRES D2 Alcohol Test Value (g / 1) 59
D2ALVAL D2 Alcohol Test Value (g / 1) 60
D3AGE Driver 3 -  Age 61
D3SEX Driver 3 - Sex 62
D3ALCHO Driver 3 - Alcohol test 63
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D3ALRES D3 Alcohol Test Value (g / 1) 
D3ALVAL D3 Alcohol Test Value 
D4AGE Driver 4 -  Age 
D4SEX Driver 4 - Sex 
D4ALCHO Driver 4 - Alcohol test 
D4ALRES D4 Alcohol Test Value (g/1) 
D4ALVAL D4 Alcohol Test Value (g / 1) 
D5AGE Driver 5 -  Age 
D5SEX Driver 5 - Sex 
D5ALCHO Driver 5 - Alcohol test 
D5ALRES D5 Alcohol Test Result 
D5ALVAL D5 Alcohol Test Value (g 11) 
C1 CLASS Casualty 1 - Class
Value Label
0 Pedestrian
1 Bicyclist
2 Rider
3 Passenger
4 Driver
5 Unknown
C1 AGE Casualty 1 - Age 
C1SEX Casualty 1 - Sex 
Value Label
1 Male
2 Female
C1SEVE Casualty 1 - Severity
Value Label
0 Unknown
1 Fatal
2 Serious
3 Slight
C1VEHN Casualty 1 - Vehicle no 
C2CLASS Casualty 2 - Class 
C2AGE Casualty 2 - Age 
C2SEX Casualty 2 - Sex 
C2SEVE Casualty 2 - Severity
Appendix A. 1
C2VEHN Casualty 2 - Vehicle no 85
C3CLASS Casualty 3 - Class 86
C3AGE Casualty 3 - Age 87
C3SEX Casualty 3 - Sex 88
C3SEVE Casualty 3  - Severity 89
C3VEHN Casualty 3 - Vehicle no 90
C4CLASS Casualty 4  - Class 91
C4AGE Casualty 4  - Age 92
C4SEX Casualty 4  - Sex 93
C4SEVE Casualty 4  - Severity 94
C4VEHN Casualty 4  - Vehicle no 95
C5CLASS Casualty 5 - Class 96
C5AGE Casualty 5 - Age 97
C5SEX Casualty 5 - Sex 98
C5SEVE Casualty 5 - Severity 99
C5VEHN Casualty 5 - Vehicle no 100
C6CLASS Casualty 6 - Class 101
C6AGE Casualty 6 - Age 102
C6SEX Casualty 6 - Sex 103
C6SEVE Casualty 6 - Severity 104
C6VEHN Casualty 6 - Vehicle no 105
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Figure A1.2 Examples of additional variables
HIERAR Hierarchy
Value Label
1 Access road
2 Local distributor
3 Main road
4 Primary distributor with frontage access
5 Primary distributor without frontage access
D1AGEGR Driver 1
Value Label
0 age unknown
1 15 or under years old
2 16 or 17 years old
3 18 - 24 years old
4 2 5 - 6 5  years old
5 65 or over years old
C1AGEGR Casualty 1
Value Label
0 age unknown
1 0 to 14 years old
2 15 to 24 years old
3 25 to 64 years old
4 65 or over years old
DAYPERIOD Periods of the day
Value Label
1 0:00 to 6:59
2 7:00 to 10:59
3 11:00 to 15:59
4 16:00 to 20:59
5 21:00 to 21:59
6 22:00 to 23:59
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Figure A1.3 Example of a syntax file used to transform the initial road accident data file 
(input file) into a casualty data file (output file)
GET FILE = 'N:\Mywork\spss\analysisValmada\alma96mapa.sav'.
SAVE OUTFILE = 'N:\temp\f1 .sav'
/KEEP c1 class 1 clagegr clseve pspref route 
/RENAME (dclassl clagegr c1seve= class cagegr seve).
SAVE OUTFILE = ’N:\temp\f2.sav'
/KEEP c2class1 c2agegr c2seve pspref route 
/RENAME (c2class1 c2agegr c2seve= class cagegr seve).
SAVE OUTFILE = ’N:\temp\f3.sav*
/KEEP c3class1 c3agegr c3seve pspref route 
/RENAME (c3class1 c3agegr c3seve= class cagegr seve).
groups
/RENAME (c4class1 c4agegr c4seve= class cagegr seve).
SAVE OUTFILE = 'N:\temp\f5.sav'
/KEEP c5class1 c5agegr c5seve pspref route 
/RENAME (c5class1 c5agegr c5seve= class cagegr seve).
SAVE OUTFILE = ’NAtempVte.sav*
/KEEP c6class1 c6agegr c6seve pspref route 
/RENAME (c6class1 c6agegr c6seve= class cagegr seve).
ADD FILES
/FILE= 'N:\Temp\f1 .sav'
/FILE= ’N:\Temp\f2.sav'
/FILE= 'N:\Temp\f3.sav'
/FILE= 'N:\Temp\f4.sav'
/FILE= 'N:\Temp\f5.sav'
/FILE= ■N:\Temp\f6.sav'.
EXECUTE.
SELECT IF cagegr>=0.
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APPENDIX A.2 EXISTING FUNCTIONAL ROAD HIERARCHY IN 
ALMADA
This appendix illustrates the current functional road hierarchy in Almada identified in 
Section 6.4.3.1.
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Roads used as a Primary Distributor 
Roads used as Main Routes 
Roads used as Local Distributor Routes 
Roads used as Access Routes
Roads used as a Primary Distributor 
without Frontage Access
Appendix A.3
APPENDIX A.3 DISTRIBUTION OF INJURY AND DAMAGE 
ACCIDENTS IN ALMADA (1996)
This appendix shows the distribution of injury and damage accidents over the road 
network in Almada in 1996. The number of injury and damage accidents on each set of 
access roads surrounded by roads belonging to other levels of the functional road 
hierarchy is also indicated.
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APPENDIX A.4 LENGTH OF PRIMARY DISTRIBUTORS, MAIN 
ROADS, LOCAL DISTRIBUTORS AND ACCESS 
ROADS
Whereas the lengths o f the primary distributor roads, both with and without frontage 
access, (Section 6.4.3.1 and Appendix A.2) were measured directly on a map of the city 
of Almada, the lengths o f the main roads, local distributors and access roads were 
inferred by estimating their proportions in relation to the primary distributors (Table 
6.4).
The following procedure was followed:
1. the city map at a scale o f about 1:3000 was split into 10 rectangles 
(45*30 centimetres -  which corresponds to approximately 1 315*877 
metres). Due to the irregular layout o f the city, 4 out o f the 10 rectangles 
were only partly inside the city borders;
2. each o f the 10 rectangles was in turn divided into 25 smaller rectangles 
(9*6 centimetres -  which corresponds to approximately 263*175 
metres), and these were numbered from 1 to 25. There were 180 small 
rectangles inside the city borders. The 30 small rectangles belonging to 
the 4 “incomplete” large rectangles (referred to in 1.) were treated as if  
they were another set of rectangles;
3. three small rectangles were randomly chosen from each of the 6 sets of 
25 and the set of 30 rectangles;
4. all types o f road were then measured in each o f the randomly selected 21 
small rectangles spread across the city map (Figure A4.1);
5. as the length (13.5 kilometres) o f primary distributors had already been 
measured, and assuming that the relative length o f roads in the city does 
not differ from their relative proportions for the randomly selected 21 
small rectangles, it was possible to deduce the number of kilometres of 
the main roads, local distributors and access roads (Figure A4.1).
Figure A4.1 shows that access roads are approximately 55% of the 112 km length of 
highways in Almada, whereas main roads are about 20%. Local distributors and 
primary distributors are each around 12% of the total of the city highways.
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Figure A4.1 Proportion of the length of different types of road in 21 rectangles of 9*6 
centimetres marked on the map of Almada
RECTANGLE TYPES OF ROAD
Access Local Main Primary
roads distributors roads distributors
1 0.274 0.415 0.000 0.000
2 0.292 0.357 0.479 0.000
3 0.240 0.129 0.509 0.000
4 0.000 0.269 0.292 0.818
5 0.000 0.164 0.281 0.281
6 0.427 0.205 0.199 0.111
7 0.170 0.281 0.310 0.000
8 0.000 0.047 0.479 0.000
9 0.596 0.082 0.444 0.000
10 0.333 0.000 0.538 0.596
11 1.158 0.000 0.199 0.164
12 0.426 0.000 0.105 0.228
13 0.620 0.000 0.362 0.230
14 1.169 0.263 0.000 0.175
15 0.754 0.462 0.292 0.129
16 0.655 0.000 0.152 0.000
17 1.321 0.000 0.000 0.000
18 1.110 0.000 0.000 0.000
19 0.808 0.000 0.000 0.018
20 0.894 0.164 0.000 0.000
21 1.339 0.000 0.000 0.000
TOTAL 12.586 2.838 4.641 2.750
per type of road 62 14 23 13.5
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APPENDIX A.5 LOCATION OF CANDIDATE AREAS FOR AREA- 
WIDE STUDY: CITY CENTRE, COVA DA 
PIEDADE AND LARANJEIRO / FEIJ6
This appendix shows the three potential areas for detailed study - City Centre, Cova da 
Piedade, and Laranjeiro / Feijo - identified in Almada.
396
Figure A5.1 L ocation o f C andidate  A reas  for A rea-w ide Study: 
City C entre, C ova da P ied a d e  and Laranjeiro/Feij6
Appendix A.6
APPENDIX A.6 DISTRIBUTION OF INJURY AND DAMAGE 
ACCIDENTS IN COVA DA PIEDADE (1996 AND 
1997)
This appendix shows the distribution of pedestrian and non-pedestrian injury and 
damage accidents over the road network in Cova da Piedade in 1996 and 1997.
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Fatal / Serious 
Pedestrian Accident
Figure A6.2 One Year Reported (Personal Injury and Damage Only) Road Accidents 
From 1st January to 31st December 1997
_  Fatal I Serious 
®  Non-Pedestrian Accident
Slight (and unknown 
P severity) Pedestrian 
Accident
▲ Slight (and unknown severity) Non-Pedestrian 
Accident
5 Damage Accidents 
(Figure denotes number 
^  of accidents where 
greater than one)
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APPENDIX A.7 SHORT PERIOD TRAFFIC COUNTING IN COVA 
DA PIEDADE
Chapter 6 has described the short period traffic counting technique for turning movements 
used to estimate traffic patterns in area-wide study. This technique was adopted in the light 
of the limited resources available for data collection for this study (Sections 6.4.1, 6.6.1, 
7.4.2 and 7.4.3). This appendix justifies the selection of the localities for vehicle counts and 
describes the traffic surveys undertook in Cova da Piedade.
Detailed analysis of a map of the Cova da Piedade area and site visits, were used to identify 
the localities for carrying out traffic surveys. They consisted of one section on a main road 
(Section A), which the author monitored during 13 hours, from 7:00 to 20:00, and 26 
junctions, where the author carried out a set of short period counts were undertaken (Figure 
A7.1).
Analysis of the variation in traffic volume with respect to time over the 13-hour period 
(Figure h i . 2) and local knowledge provided by officers at Camara Municipal de Almada 
formed the basis for the choice of the morning and afternoon (8:00 to 10:00 and 17:00 to 
19:00) periods. Counts of typically five junctions per day were scheduled to take place on 
weekdays (Figure A7.3). Traffic movements at junctions were recorded during 20 minutes 
periods in both morning and afternoon sessions. The limited human resources available did 
not allow the differentiation of vehicles by type.
Traffic movements at two junctions (identified in the Figure h i .  1 with numbers 26 and 27) 
were video recorded with subsequent laboratory analysis. Traffic counts at all other 
junctions were made manually by means of a form prepared for that purpose. One example 
of this form is shown in Figure A7.4).
The main assumption of this technique was that traffic volumes change equally across the 
area with respect to time. Another simplification was that the distribution of cars over each 
hour was constant, both at section A and at junctions where traffic movements were 
counted. One example of how traffic flows were estimated is illustrated using Junction 1 
(Figure A7.5).
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Figure A7.1 Localities used for estimating traffic patterns in Cova da Piedade area
76 27
19 Section A
18
17
16
21 12
22
20
13
23 ■ 25
24
Key:
Section A: Avenida Rainha D. Leonor (between Rua da Escota PrimSria and Rua Pedro Nunes)
Junctions:
1. Rua Vera Cruz and Rua Tanger 15. Avenida 23 de Julho and Estrada do Brejo
2. Rua Vera Cruz and Rua Terra Cortes Reais 16. Avenida Rainha D. Leonor and Rua Rosas do
3. Rua Ramiro FerrSo and Acesso a Avenida Pombal
Bento Gongalves 17. Rua da Liberdade and Rua Eduardo Tavares
4. Rua Ramiro FerrSo and Rua Cidade de Ostrava 18. Rua da Liberdade and Praga Prof. Egas Moniz
5. Rua Ramiro FerrSo and Rua Luisa Sigeia 19. Rua Terras Cortes Reais and Rua Azamor
6. Rua Luisa Sigeia and Rua Vera Cruz 20. Rua Rio Infante and Rua Cabo da Boa
7. Rua Dr. Alberto AraOjo and Rua Comandante Esperanga
Oliveira e Carmo 21. Praga Comandante JosS Braz
8. Rua Dr. Alberto AraOjo and Rua ConceigSo 22. Rua Cabo da Boa Esperanga and Rua Dr.
Sameiro Antunes AntOnio Jos6 de Almeida
9. Rua ConceigSo Sameiro Antunes and Acesso 23. Rua Cabo da Boa Esperanga and Rua Vera
PSo de Agucar Cruz (Largo Antero de Quental)
10. Rua ConceigSo Sameiro Antunes and Largo 24. Rua Cabo da Boa Esperanga and Rua
Filinto Ellsio Comandante Oliveira e Carmo (Largo Antero de
11. Largo 5 de Outubro and Rua Rosas do Pombal Quental)
12. Rua Rosas do Pombal and Rua Alvaro Vaz de 25. Avenida da FundagSo and Rua Castelino Pais
Almada 26. Rotunda do Pombal
13. Avenida da FundagSo and Rua Cooperativa 27. Avenida Rainha D. Leonor and Rua D. Pedro
Piedense Nunes
14. Avenida da FundagSo and Rua Antbnio Jos6 de
Almeida
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Figure A7.2 Variation o f the traffic volume in respect to time at Section A in Cova da 
Piedade (27th November 2000)
Time
Figure A7.3 Traffic surveys plan
D ate Locations Hour (a.m.)
Periods
Hour
Traffic counting 
technique
27* November 2000 S from 7:00 to 20:00 Manual
1 8:00 -  8:20 17:00-17:20
30th November 2000
2 8:25 -  8:45 17:25-17:45
3 8:50-9:10 17:50-18:10 Manual
4 9:15-9:35 18:15-18:35
5 9:40-10:00 18:40-19:00
11 8:00 -  8:20 17:00-17:20
12 8:25 -  8:45 17:25-17:45
5* December 2000 13 8:50-9:10 17:50-18:10 Manual
14 9:15-9:35 18:15-18:35
15 9:40-10:00 18:40-19:00
16 8:00 -  8:20 17:00-17:20
17 8:25 -  8:45 17:25-17:45
6th December 2000 18 8:50-9:10 17:50-18:10 Manual
19 9:15-9:35 18:15-18:35
20 9:40-10:00 18:40-19:00
21 8:00 -  8:20 17:00-17:20
22 8:25 -  8:45 17:25-17:45
11th December 2000 23 8:50-9:10 17:50-18:10 Manual
24 9:15-9:35 18:15-18:35
25 9:40-10:00 18:40-19:00
12* December 2000 2627
8:00 -  8:20 
8:35 -  8:55
17:00-17:20 Video record
6 8:00 -  8:20 17:00-17:20
7 8:25 -  8:45 17:25-17:45
13th December 2000 8 8:50-9:10 17:50-18:10 Manual
9 9:15-9:35 18:15-18:35
10 9:40-10:00 18:40-19:00
14th December 2000 27 - 17:25-17:45 Video record
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Figure A7.4 Form used to record traffic movements from 8:50 to 9:10 a.m. at Junction 3
TIME
HOUR MINUTE
Stan gr
Finish: 9 fQ
Date: 301 ///2000  
Day of week:
Weather: <£5$/ dry flaiiKfa 
L ight dgfaD dark
&  I
u
f
&
|<>
V
%
%
, ■ rPMJunctionT.doc?Hr v-fke
>
OS
?>
r>\
Q >
fijJL t. Q c u u l^ a o  T m .  cT
C^ VO T d « C *  oijfi -7 (cUrU'O f e u u f l j
SilviaCosta-23/11/00
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Figure A7.5 Number of vehicles per turning movement from 8:00 to 8:20 and from 17:00 to 
17:20 at Junction 1 (30* November 2000)
JUNCTION 1
Morning: 31
Evening: 3*)
Morning: 17
K\eiiing: 13
Section /,
* .....
Morning: 7
Evening: 4
t
f
*
Morning: 5
Evening: 4
Section \
Morning: 16
Evening: 21
■# Y.m Morning: 5
Evening: 10
Section Y
Key:
Morning: 8:00 -  8:20 h
Evening: 17:00 -  17:20 h 
Section X: Rua Tanger
Section Y: Rua Vera Cruz towards Rua Cabo da Boa Esperanga 
Section Z: Rua Vera Cruz towards Rua Terra Cortes Reais
in order to estimate traffic flows at Junction 1, the following procedure was used:
a) the number of vehicles per hour counted at Section A (Figure A7.1) was divided by 3, 
in order to know the number of vehicles for every 20 minutes (Figure A7.6). The 
representative 13-hour proportion for each 20-minute period was calculated by 
dividing the number of vehicles for each 20-minute period by the total number of 
vehicles counted at Section A over the 13-hour period (from 7:00 to 20.00),
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Figure A7.6 Section A: number of vehicles counted per hour, number of vehicles per 20- 
minute period, and representative 13-hour proportion for each 20-minute period
INTERVAL Number of Number of vehicles per Representative 13-hour proportion
(hours) vehicles 20-minute period for each 20-minute period
7:00-7:59 554 185 0.0129
8:00-8:59 1 192 397 0.0277
9:00-9:59 1 167 389 0.0272
10:00-10:59 1 051 350 0.0245
11:00-11:59 1 039 346 0.0242
12:00-12:59 1 124 375 0.0262
13:00-13:59 1 041 347 0.0242
14:00-14:59 1 120 373 0.0261
15:00-15:59 1 191 397 0.0277
16:00-16:59 1 200 400 0.0279
17:00-17:59 1 183 394 0.0275
18:00-18:59 1 333 444 0.0310
19:00-19:59 1 132 377 0.0263
TOTAL 14 327 — —
b) The number of vehicles (5+12+7+5 = 33) counted at Section X from 8:00 to 8:20 a.m. 
was used, together with the representative 13-hour proportion for that 20-minute 
period, to make an estimate of the total number of vehicles (33 / 0.00277 = 1 191) 
over the 13-hour period at Section X of Junction 1;
c) the number of vehicles (21+4+10+4 = 39) counted at Section X from 17:00 to 17:20 
was used, together with the representative 13-hour proportion for that 20-minute 
period, to make another estimate of the total number of vehicles (39 / 0.0275 = 1 418) 
over the 13-hour period at Section X of Junction 1;
d) The traffic flow for the 13-hour period at Section X of Junction 1 was taken to be 
estimated by averaging (2 609 / 2 = 1 305) of the above figures calculated in b) and 
c);
e) the same rational was used to estimate the total number of vehicles (2 745 and 2 166) 
over the 13-hour period at Sections Y and Z, respectively.
When the 20-minute period straddles the hour, as it happened for the 8:50 — 9:10 and 17:50 
-  18:10 periods (Figure A7.3), the number of vehicles counted was equally divided between 
each approximately 10-minute period 8:50 — 8:59, 9:00 — 9:10 and 17:50 — 17:59, 18:00 — 
18:10 respectively. Then, the 13-hour proportion for each of these two periods was used 
with the respective 10-minute period, and the sum of the results taken as the estimate for the 
20-minute period.
The replication of this procedure allowed the interpretation of the 27 junctions. Results are 
presented in the Appendix 8.
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APPENDIX A.8 TRAFFIC FLOWS IN COVA DA PIEDADE (2000)
This appendix illustrates the results of the 27 short period traffic counted junctions and 
the hourly pattern, as described in the Appendix A.7. The results allowed plotting traffic 
flows in most roads o f the Cova da Piedade area.
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Figure A8.1 Vehicle Flows in 2000 
7:00 AM -  8:00 PM Work Day Flows
Below 1 000
NOTE: The figures are intended 
to give general indication of the 
vehicle flows along a section.
This data should NOT be used for 
calculating growth etc.
